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Abstract 
In most developed countries salt is ubiquitously added to the food supply.  
Consequently children frequently consume more dietary salt than recommended.  
Consuming too much salt during childhood is associated with the early onset of 
cardiovascular risk factors and may predispose children to develop a taste preference 
for saltier foods.  As with adults, in children dietary salt is a determinant of raised 
blood pressure.  Recently, in Great Britain dietary salt intake was indirectly linked to 
obesity risk in children and adolescents, through the greater consumption of sugar-
sweetened beverages (SSB).  In adults, salt intake predicts fluid consumption, likely 
through thirst.  Given the widespread availability of SSBs it is possible that a diet 
high in salt may encourage children to consume greater quantities of these high 
energy beverages.  As blood pressure and obesity both follow a tracking pattern over 
the life course, for long term public health gains it is important that dietary salt 
intake be monitored and reduced during childhood.   
 
Information on salt consumption in Australian children is scarce.  No accurate data 
on salt intake in children are available using the gold-standard measure of 24-hour 
(24-hr) urinary sodium excretion.  Furthermore the sources of dietary salt and the 
demographic characteristics associated with salt intake in this younger age group are 
not well understood.  These data are required to support the development of focused 
interventions that aim to reduce salt intake and in turn protect future cardiovascular 
health.  The overall aims of this thesis were to assess dietary salt intake and examine 
potential avenues to reduce salt intake in Australian children; and to investigate the 
association between salt intake, total fluid and SSB consumption, and obesity risk in 
two paediatric population groups; Australia and the United States of America 
(USA).  
 
This thesis comprises work from five research studies.  Data comes from one cross-
sectional study completed in Australian school children residing in the state of 
Victoria, the Salt and Other Nutrient Intakes in Children (SONIC) study; and from 
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two large national nutrition survey’s i) 2007 Australia National Children’s Nutrition 
and Physical Activity Survey (ANCNPAS), and ii) 2005-2008 US National Health 
and Nutrition Examination Survey (NHANES).  Briefly, the 2007 ANCNPAS        
(n = 4487) and the 2005-2008 US NHANES (n = 6400) are cross-sectional surveys 
which utilise complex survey sampling procedures to obtain nationally 
representative data on dietary intake, (assessed by 24-hr dietary recall), 
anthropometry and physical activity in children and adolescents.   
 
The aim of the first study, the SONIC study, was to measure total daily salt intake 
using 24-hr urinary sodium excretion within Victorian schoolchildren.  The SONIC 
study was a pilot cross-sectional study (n = 238) completed in a convenience sample 
of children aged 5-13 years attending independent primary schools located in 
Victoria, Australia.  This was the first Australian study to use 24-hr urinary sodium 
excretion as a marker to assess salt intake in schoolchildren.  The average 24-hr 
urinary sodium excretion was found to be high, 103 (SD 43) mmol/24-hr (salt 
equivalent 6.0 (SD 2.5) g/d) and sixty nine percent of children (n = 164) exceeded 
the recommended daily Upper Limit for salt.  These findings demonstrate that with 
adequate support the collection of 24-hr urine samples to objectively assess salt 
intake is feasible within the school setting and emphasises the need for salt reduction 
initiatives.   
 
The aim of Study two was to determine the sources of dietary salt and explore 
potential strategies to lower salt intake in Australian children and adolescents.  This 
study utilised data from the 2007 ANCNPAS.  The major sources of dietary salt of 
2-16 year olds were cereals and cereal based products/dishes (43%), including bread 
(13%) and breakfast cereals (4%); meat and poultry products (16%), including 
processed meats (8%) and sausages (3%); milk products/dishes (11%), including 
cheese (5%); savoury sauces and condiments (7%) and snack foods (3%).  Thirty 
percent of participants reported adding salt at the table and 39% reported that the 
person who prepares their meal added salt when cooking.  Older children and those 
with a low socioeconomic (SES) background were more likely to report using table 
salt (both P <0.001).  As a potential strategy to lower salt intake, the internationally 
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recognised salt reduction targets for processed foods developed by the United 
Kingdom (UK) Food Standards Agency (FSA) were applied in this study to 
Australian food products.  Using dietary modelling it was demonstrated that 
attainment of the UK salt reduction targets, within the current Australian food 
supply would result in an average 20% reduction in daily salt intake in children aged 
2-16 years.  Incremental reductions of this magnitude over a period of years could 
significantly reduce the salt intake of this group and further reductions could be 
achieved by targeting discretionary salt use.   
 
Building on from this work the aim of Study three was to assess the association 
between SES and dietary salt intake from food sources and identify if the major 
dietary sources of salt differ by socioeconomic group.  Again, data for this study 
comes from the 2007 ANCNPAS.  For the first time in a nationally representative 
sample of Australian children and adolescents, socioeconomic disparities in salt 
intake were identified.  Children with a low SES background, as defined by 
education level of the primary caregiver, were found to consume on average 9% 
more salt per day from food sources than children of high SES background (P 
<0.001).  Children with a low SES background had a greater intake of salt from 
convenience style foods, including processed meat, pies/sausage rolls, 
gravies/sauces, fried potato and potato snacks (all P <0.05).  Understanding these 
differences in childhood salt intakes provide important focus for intervention.  These 
findings suggest special attention needs to be paid to achieving salt reductions in 
children of low SES background.  
 
The final two studies (Study four and Study five) examined the association between 
dietary salt, total fluid and SSB consumption, and obesity risk.  This was completed 
in Australian children using the 2007 ANCNPAS data and in US children using the 
2005-2008 US NHANES data.  In children and adolescents dietary salt intake was 
positively associated with total fluid consumption, Australia (r = 0.42, P <0.001) 
and US (r = 0.42, P <0.001).  Approximately 60% of Australian and US children 
and adolescents reported consuming SSBs.  Within these consumers of SSBs salt 
intake predicted the amount of SSB consumed.  Each additional 1 g/d of dietary salt 
was associated with a 17 g/d and a 32g/d greater intake of SSB in Australian and US 
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children and adolescents, respectively (both P <0.001, adjusted for age, gender, 
SES, energy).  Furthermore, in Australian children SSB consumption was associated 
with obesity risk, indicating a potential link between salt intake and childhood 
obesity.   
 
In summary there is reliable evidence from 24-hr urinary sodium excretion 
indicating that Australian children consume too much dietary salt and that 
socioeconomic disparities in salt intake exist.  This thesis confirms previous findings 
linking salt intake to greater consumption of SSBs.  Therefore in addition to the 
known benefits of lowering blood pressure, salt reduction strategies may be useful in 
childhood obesity prevention efforts.  To protect future cardiovascular health, salt 
reduction strategies are urgently required and should include i) government 
endorsement of a comprehensive and challenging set of salt reduction targets for 
Australian food products ii) school based interventions to educate parents on high 
salt intakes in schoolchildren and target reduction in the consumption of high salt 
foods iii) consumer awareness campaigns that target the hidden sources of salt in the 
diet and discretionary salt use.  In implementing salt reduction programs appropriate 
measures, including 24-hr urinary sodium excretion, should be used to monitor and 
track progress in children’s salt intake over time.   
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Chapter One 
1. Introduction 
Cardiovascular disease (CVD) is the leading cause of death worldwide accounting 
for 30% of all deaths (World Health Organization 2007).  It is estimated that 
globally 62% of cerebrovascular disease and 49% of ischemic heart disease are due 
to elevated blood pressure (World Health Organization 2007).  In adults the 
association between high dietary salt intake and raised blood pressure is well 
documented in epidemiological studies (Huggins et al. 2011, Elliot et al. 1996, 
Khaw et al. 2004), intervention trials (Cook et al. 2007, Sacks et al. 2001, Cutler et 
al. 1997) and meta-analyses (He and MacGregor 2002, He and MacGregor 2003, 
Geleijnse et al. 2003, Midgley et al. 1996).  It has been predicted that lowering 
population salt intake would substantially reduce morbidity and mortality; and 
public health care costs (Asaria et al. 2007, Bibbins-Domingo et al. 2010, Dall et al. 
2009).  Epidemiological evidence from the United States of America (USA), 
informed by salt reduction intervention trials, shows that a three gram per day 
reduction in population dietary salt intake could annually avert up to 377 000 deaths 
(Bibbins-Domingo et al. 2010).  Despite the robust evidence linking salt intake to 
cardiovascular disease, there are a number of studies which question the 
cardiovascular benefits of salt reduction (Alderman and Cohen 2012, Cohen et al. 
2008, Stolarz-Skrzypek et al. 2011, Taylor et al. 2011).  However, the 
methodologies used within these studies have been extensively criticised 
(Aleksandrova et al. 2011, He and MacGregor 2011, Lackland and Egan 2008, 
Lancet 2011).   
 
CVD is a progressive disease that develops over time, and risk of CVD increases 
with age.  Similar to other chronic diseases the origins of CVD lie in childhood 
(Raghuveer 2010).  To successfully combat the rising prevalence of chronic 
diseases, such as CVD, the World Health Organization (WHO) calls for the 
commencement of public health interventions in early life (World Health 
Organization 2005).  In children an unhealthy diet is a determinant of the early onset 
of cardiovascular risk factors (World Health Organization 2003).  The presence of 
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cardiovascular risk factors in children is concerning as these conditions have been 
shown to follow a tracking pattern over the life course (Beilin and Huang 2007).  
For instance, numerous studies have shown that children and adolescents with 
elevated blood pressure are more likely to have raised blood pressure as adults (Bao 
1995, Chen and Wang 2008, Lauer and Clarke 1989, Tirosh et al. 2010).  This 
increases the risk of adult hypertension and subsequently CVD.  Similarly, 
overweight and obesity have been shown to track from childhood into adulthood 
(Singh et al. 2008).  As with adults, dietary salt intake is positively associated with 
blood pressure in children (He et al. 2008b, Simons-Morton and Obarzanek 1997).  
Even though the effect of dietary salt on blood pressure in children is relatively 
modest  (He and MacGregor 2006), a small shift in the distribution of population 
blood pressure levels would provide considerable gains to cardiovascular health in 
adulthood (Chobanian et al. 2003).  These findings emphasise the importance of 
monitoring salt consumption in children and implementing salt reduction strategies 
during early life. 
 
While the adverse effects of salt intake on blood pressure are well known, emerging 
evidence suggests dietary salt intake may also be indirectly linked to obesity risk in 
children via greater consumption of sugar-sweetened beverages (SSBs).  Following 
the ingestion of dietary salt there is a rise in plasma sodium concentration and to 
maintain body fluid homeostasis thirst is triggered (He et al. 2001, McKinley and 
Johnson 2004, Stachenfeld 2008).  Karppanen and Marvaala (2006) proposed that in 
an environment where SSBs are readily available and a popular beverage choice 
amongst children, a high salt diet may encourage greater consumption of these 
beverages.  Support for this proposition comes from national data in children and 
adolescents from Great Britain where a positive association between salt intake and 
SSB consumption was reported (He et al. 2008c).  Given the extensive literature 
linking SSB consumption with adiposity in children and adolescents (de Ruyter et 
al. 2012, Ebbeling 2006, Ebbeling et al. 2012, Ludwig et al. 2001, Malik et al. 2006, 
Mattes et al. 2011, Olsen and Heitmann 2009, Vartanian et al. 2007) it seems 
plausible to suggest that dietary salt intake may be linked to childhood obesity risk.  
To date few studies have assessed the association between salt intake and SSB 
consumption (He et al. 2008c, Libuda et al. 2012).  Given the widespread prevalence 
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of overweight and obesity in children and adolescents (Wang and Lobstein 2006) 
combined with the complexities in overcoming this considerable public health issue, 
a better understanding of the link between salt intake, SSB consumption and obesity 
risk in children is warranted.   
 
In developed countries it is estimated that children consume high quantities of 
dietary salt and frequently exceed dietary recommendations for salt intake (Brown et 
al. 2009).  The majority of dietary salt consumed comes from salt added to foods 
during processing (Mattes and Donnelly 1991), as such product reformulation is 
recognised as an integral component to lowering salt intake (Institute of Medicine 
2010).  In Australia the most recent estimate of dietary salt intake in children comes 
from the 2007 Australian National Children’s Nutrition and Physical Activity 
(ANCNPAS).  Using 24-hr dietary recall to assess salt intake, this survey revealed 
salt consumption of children aged 2-16 years was 1.3 to 1.7 times greater than the 
recommended daily Upper Limit for children (Department of Health and Ageing et 
al. 2008a, National Health and Medical Research Council 2006).  This measure did 
not include salt added at the table and during cooking and therefore is likely to be an 
underestimation of actual salt intake (Loria et al. 2001).  To obtain an accurate 
measure of salt intake the collection of 24-hr urinary sodium excretion is 
recommended (Institute of Medicine 2010, World Health Organization 2010b).  This 
method is considered to be the gold-standard, as approximately 95% of dietary salt 
consumed is excreted in the urine (Bates et al. 1997, World Health Organization 
2007).  Currently in Australia there are no reliable data available on salt intake in 
children, using 24-hr urinary sodium excretion.  Furthermore, there are no data 
available relating to the dietary sources of salt.  Understanding salt intake and the 
sources of salt in the diets of Australian children is vital to inform the development 
of behavioural and environmental salt reduction strategies.   
 
The overall aims of this thesis were to i) gain a better understanding of salt 
consumption in Australian children by objectively assessing salt intake, identifying 
the dietary sources of salt and examining socio-demographic characteristics 
associated with salt intake ii) explore potential avenues to reduce salt intake in 
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Australian children iii) examine the association between dietary salt intake, total 
fluid and SSB consumption, and obesity risk in two paediatric population groups; 
Australia and the USA. 
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Chapter Two 
2. Literature Review 
Note: salt and sodium explanation 
For consistency throughout this review and for ease of comparison between studies 
and dietary recommendations, both sodium (mg) and salt (g) are reported.  
 
2.1 Cardiovascular risk across the life course  
2.1.1 Cardiovascular risk factors 
The development and progression of cardiovascular disease (CVD) is associated 
with non-modifiable risk factors; including age, gender, genetics, ethnicity, 
modifiable risk factors; including high blood pressure, tobacco use, dyslipidemia, 
physical inactivity, unhealthy diet, obesity and contextual risk factors, including 
socioeconomic status (SES) (Mackay and Mensah 2004).  Although the health 
consequences of CVD do not typically manifest until adulthood, exposure to 
lifestyle related determinants of CVD, including poor dietary habits and reduced 
physical activity during childhood can promote the early onset of cardiovascular risk 
factors, and in turn accelerate the atherosclerotic process (Beilin and Huang 2007, 
Raghuveer 2010).   
 
Numerous studies have assessed the relationship between cardiovascular risk factors 
in childhood, including, high blood pressure, obesity and abnormal lipid profiles, 
with CVD markers in adulthood, such as carotid artery intima-media thickness 
(IMT) (Freedman et al. 2008, Jounala et al. 2006, Mahoney et al. 1996, Shengxu et 
al. 2003, Vos et al. 2003, Raitakari et al. 2003) and coronary artery calcification 
(Mahoney et al. 1996).  Childhood body mass index (BMI) is the cardiovascular risk 
factor most consistently associated with CVD risk in adulthood (Mahoney et al. 
1996, Raghuveer 2010, Shengxu et al. 2003, Freedman et al. 2008).  This is most 
likely due to the tracking of BMI across the life course (Lloyd et al. 2010), whereby 
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overweight or obese children are likely to remain overweight or obese as adults 
(Singh et al. 2008).  Similarly, the association between childhood blood pressure and 
lipid levels with future CVD risk appears to be primarily driven by the tracking of 
these cardiovascular risk factors across the life course (Freedman et al. 2008, Vos et 
al. 2003, Raitakari et al. 2003).  For example, in a longitudinal study (The 
Atherosclerosis Risk in Young Adults Study) examining adolescent blood pressure 
and risk of adult atherosclerosis it was found that those subjects who tracked in the 
highest percentiles for systolic blood pressure (SBP) from adolescence into 
adulthood, had the greatest increase in carotid-IMT as young adults (Vos et al. 
2003).   
 
In summary the tracking of cardiovascular risk factors from childhood into 
adulthood has been demonstrated for obesity, blood pressure and blood lipid levels 
(Beilin and Huang 2007).  In addition the tracking of cardiovascular risk factors has 
been associated with increased CVD risk in later like (Freedman et al. 2008, Jounala 
et al. 2006, Berenson 2002).  Thus childhood provides an important opportunity to 
implement strategies to protect future cardiovascular health. 
 
2.1.2 Children’s dietary intake and implications for cardiovascular risk 
Childhood diet is a determinant of cardiovascular risk in later life (World Health 
Organization 2003).  Overall the current dietary patterns of children from developed 
countries are less than optimal: children are not meeting recommended dietary 
guidelines for a number of core food groups, in particular fruits and vegetables.  
Furthermore, dietary fat, sugar and sodium appear to be consumed in excess of 
recommendations (Bell et al. 2005, Briefel and Johnson 2004, Department of Health 
and Ageing et al. 2008a, Nicklas et al. 2001). 
 
Findings from the Bogalusa Heart Study, a long running epidemiological study in 
the United States of America (USA), showed that despite an overall reduction in ten 
year old children’s fat intake over a thirty year period, the majority of children (70-
80%) still exceeded dietary recommendations for fat, saturated fat and cholesterol 
Literature Review
 
7 
(Nicklas et al. 2001).  In the Australian context Bell et al. (2005) examined the 
contribution of ‘non-core’ foods to energy intake in Australian children aged 5-18 
years (n = 2424) and report that approximately 40% of children’s daily energy 
intake was derived from the consumption of “non-core” foods (Bell et al. 2005).  
Non-core foods were defined as those considered as ‘extra’ foods in the Australian 
Guide to Healthy Eating.  Due to the high fat content and added sugars in these 
foods, intake is recommended to be limited (Smith et al. 1998).  The findings from 
Bell et al. (2005) indicate an excess of high fat and sugary foods in the diets of 
Australian children. 
 
Low intakes of fruits and vegetables are consistently reported in developed countries 
(Briefel and Johnson 2004, Department of Health and Ageing et al. 2008a, Inchley 
et al. 2001).  For example, the most recent data on dietary intake in Australian 
children (n = 4487), from the 2007 Australian National Children’s Nutrition and 
Physical Activity Survey (ANCNPAS), showed that 22% of 4-8 and 5% of 14-16 
year old children met the recommended guidelines for daily vegetable intake 
(Department of Health and Ageing et al. 2008a).  Overall, more children met the 
guidelines for fruit intake, however this decreased with age.  While 93% of 4-8 year 
olds met these guidelines, just 24% of 14-16 year olds did so (Department of Health 
and Ageing et al. 2008a).  Findings from the 2007 ANCNPAS indicate the 
contribution of both saturated fat and sugar to total energy was above recommended 
guidelines and sodium intake exceeded dietary recommendations.  On the whole 
Australian children had a moderately low level of adherence to the recommended 
Australian Dietary Guidelines for Children and Adolescents (Department of Health 
and Ageing et al. 2008a). 
 
Studies by Briefel and Johnson (2004) and Adair and Popkin (2005) both found that 
there has been a marked increase in recent decades in the consumption of processed 
foods, and the frequency of consumption of foods eaten away from the home.  In the 
USA from the 1970’s to the 1990’s fast food consumption rapidly increased, with 
young children consuming 50% more of their meals away from the home (Briefel 
and Johnson 2004).  Fast food intake is associated with higher intakes of fat, 
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saturated fat, sodium and soft drink consumption (Paeratakul et al. 2003).  Thus it is 
likely that the increasing consumption of fast food is contributing to the overall poor 
quality of children’s diets, at least in the USA.  
 
Changes in snacking patterns may be another contributing factor to reduced dietary 
quality in children.  Similar to fast food consumption in the USA, the contribution of 
daily energy from snack foods (defined as salty snacks such as potato or corn chips, 
pretzels) increased from 7.7% in 1977-78 to 14.8% in 1994-98 (Adair and Popkin 
2005).  In addition, in the Bogalusa Heart Study there was a significant increase in 
the total amount of salty snacks consumed by 10 year olds from 1973 to 1994 
(Nicklas et al. 2004).  In Australia findings from the Australian Division of World 
Action on Salt and Health (AWASH) 2008 consumer survey on parents’ attitudes to 
salt and children (n = 1000) revealed that over half (52%) of respondents reported 
that their children were consuming salty snacks, such as chips and savoury biscuits, 
at least a few times a week (Australian Division of World Action on Salt and Health 
2008a).  In another Australian study assessing dietary habits in a representative 
sample of Victorian schoolchildren aged 4-12 years (n = 2184), 47% of participants 
reported consuming packaged snacks on the day prior to the survey (Sanigorski et al. 
2006).  
Another notable change in children’s dietary intake over the past two decades is the 
rise in sugar-sweetened soft drink consumption (Briefel and Johnson 2004, Adair 
and Popkin 2005).  In the USA between 1977 to 2001 the contribution of soft drink 
to energy intake in 2-18 year olds doubled from 3% to 7% (Nielsen and Popkin 
2004).  In another analysis of USA beverage consumption data from 1977 to 2006, 
the greatest shift in beverage intake was seen in sugar-sweetened beverages where 
energy intake from these beverages increased from 87 to 154 kcal per day (Popkin 
2010).  It has been suggested that the rise in sugar-sweetened soft drink consumption 
may partly be explained by the change in eating patterns, which have seen an 
increase in the frequency of meals eaten away from the home, in particular at fast 
food restaurants (Adair and Popkin 2005).  Confirmation of this has been reported in 
a recent cross-sectional study of London schoolchildren aged 11-14 years (n = 193), 
where it was found that more than half purchased food or beverages from fast food 
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outlets two or more times a week, and that when purchasing fast food items the 
majority of children also purchased sugar-sweetened soft drinks (Patterson et al. 
2012).   
 
In contrast to USA data, there is some evidence to indicate that the consumption of 
sugar-sweetened beverages (SSB) is falling in Australia (Barclay and Brand-Miller 
2011, Clifton et al. 2011, Jensen et al. 2012).  Analysis of beverage consumption 
sales data shows that following the steady rise in per capita volume of SSBs 
observed from 1994 to early 2000 there has since been a small reduction in sales 
during the period of 2002-2006 (Barclay and Brand-Miller 2011).  With respect to 
intake data in Australian children, comparing data from the 1995 National Nutrition 
Survey to the recent 2007 ANCNPAS it can be seen that the proportion of children 
aged 2-3 years and 4-7 years consuming SSBs (i.e. sweetened soft drinks, flavoured 
mineral waters and electrolyte drinks) fell from 25.8% to 12.8% and 33.6% to 
20.5%, respectively (no data is available for older children) (Clifton et al. 2011).  
Similarly, in a sample of Australian children and adolescents aged 4-18 years           
(n = 1604) residing in the state of Victoria there was a small decrease in the 
proportion of children who reported consuming SSBs during the period of 2003 to 
2008, 76.8% to 71.4%, respectively (Jensen et al. 2012).  In the latter study SSB 
intake was assessed over the previous week and included 100% fruit juice, hence 
explaining some of the marked difference in the estimates reported by Clifton et al. 
(2011) which were based on one day of 24-hr dietary recall data and excluded 100% 
fruit juices from the definition of SSB.  Overall, while there is some indication that 
the consumption of SSBs in Australian children has reduced or at least remained 
relatively stable over the past decade, the consumption of these beverages is still 
relatively common.  Forty seven percent of all Australian children aged 2-16 years 
reported consuming SSBs on the day of the 2007 ANCNPAS (Clifton et al. 2011). 
 
A growing body of evidence indicates that children with a lower socioeconomic 
background are at greater risk of consuming an unhealthy diet (Ambrosini et al. 
2009, Darmon and Drewnowski 2008, Haapalahti et al. 2002, Neumark-Sztainer et 
al. 2003, Utter et al. 2010, Wardle et al. 2003).  Overall, children of a lower SES 
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background consume more high fat foods (Wardle et al. 2003), fast foods (Utter et 
al. 2010) and soft drinks (Nilsen et al. 2009, Utter et al. 2010, Vereecken et al. 
2005).  In contrast, children of a higher SES background consume more fruits and 
vegetables (Dubois et al. 2011, Haapalahti et al. 2002, Neumark-Sztainer et al. 
2003) and whole grains (Ambrosini et al. 2009).  The influence of prolonged 
socioeconomic disadvantage on dietary intake across the lifespan is likely to 
accumulate, resulting in greater risk of CVD in adulthood (Pollitt et al. 2005).  As 
such it is important to have an understanding of SES disparities in childhood diet to 
enable the development of appropriate and targeted CVD prevention interventions.  
 
Contrary to the findings above, which on the whole report poor dietary intakes in 
children, the most recent United Kingdom (UK) National Diet and Nutrition Survey 
2008/09, indicates some improvement in dietary intake of younger children 
(Whitton et al. 2011).  When compared to previous 1997 findings, the consumption 
of sugar-sweetened soft drinks and crisps and savoury snacks are reported to have 
significantly reduced in 4-10 year old children, however no change in consumption 
was found in adolescents (Whitton et al. 2011).  The authors conclude, that the 
improvements in some markers of dietary intake in groups of UK children are most 
likely attributable to the range of healthy eating programs and campaigns 
implemented in the UK throughout the last decade (Whitton et al. 2011).  
 
Irrespective of recent apparent improvements documented in some populations, the 
poor dietary intakes of children are likely to be contributing to the rising prevalence 
in nutrition related diseases.  Conditions such as obesity, type 2 diabetes, elevated 
blood pressure and abnormal lipid profiles are no longer restricted to adults and are 
increasingly observed in the paediatric population (World Health Organization 
2005).  As highlighted, a key nutrient of concern is dietary salt.  Changes in eating 
behaviours such as an increase in the frequency of foods eaten away from the home 
and increased consumption of processed foods are contributing to higher intakes of 
dietary salt (Briefel and Johnson 2004).  The remainder of this review will focus on 
the impact of dietary salt intake on cardiovascular risk factors in children; in 
particular blood pressure levels and adiposity.  Furthermore, current dietary 
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recommendations and children’s salt consumption will be discussed with 
consideration to socioeconomic disparities in salt intakes and public health measures 
to reduce salt intake.  
 
2.1.3 Definition of high blood pressure  
The definition of hypertension in adults is based on blood pressure levels associated 
with increased risk of chronic disease (Chobanian et al. 2003).  As CVD does not 
develop until later life, hypertension in childhood is only described in severe disease 
states.  The blood pressure levels of children can however be compared to normative 
data and percentile distributions of blood pressure in healthy children (National 
Heart Lung and Blood Institute 1987).  Both the USA (National Heart Lung and 
Blood Institute 2004) and the UK (Jackson et al. 2006) have developed blood 
pressure centiles for children using blood pressure data collated as part of their 
recent national health surveys.  Recent normative data on blood pressure 
measurements in Australian children is currently lacking and blood pressure 
reference standards for children aged 5-13 years are based on data collected in 1980-
1981 (Roy et al. 1984).   
 
Normal blood pressure in children is defined as a systolic blood pressure (SBP) and 
diastolic blood pressure (DBP) which falls below the 90th percentile for gender, age 
and height.  Hypertension is defined as average SBP and/or DBP that is ≥95th 
percentile for gender, age and height measured on at least three occasions.  Average 
SBP and/or DBP levels that are ≥90th percentile but <95th percentile are classified as 
prehypertensive.  In addition consistent with guidelines in adults, children with 
blood pressure levels ≥120/80 mm Hg but <95th percentile are considered to be 
prehypertensive (National Heart Lung and Blood Institute 2004).   
 
Overall the prevalence of hypertension across childhood years is low, with estimates 
of 4.5% in the USA (Sorof et al. 2004).  However, throughout life blood pressure 
follows a tracking pattern, such that children with elevated blood pressure are more 
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likely to have raised blood pressure as adults (Chen and Wang 2008, Lauer and 
Clarke 1989, Mitsnefes 2006).   
 
2.1.4 Tracking of blood pressure from childhood into adulthood 
Several longitudinal studies have explored the relationship between childhood and 
adult blood pressure levels (Bao 1995, Burke et al. 2001, Lauer and Clarke 1989, 
Leumann et al. 1986).  The US based Muscatine Study assessed 2445 children aged 
between 7 and 18 years, and reassessed participants at age 20 and 30 years.  This 
study found a moderate positive correlation between childhood and adult blood 
pressure levels; SBP (r = 0.21-0.39, P <0.05), overall lower correlation coefficients 
for DBP were observed (r = 0.13-0.50, P <0.05) (Lauer and Clarke 1989).  While 
correlations across the cohort were modest, compared to children with blood 
pressure levels at the 50th percentile, children with elevated blood pressure (defined 
as ≥90th percentile) were two (girls) to four (boys) times more likely to have 
elevated blood pressure as adults (Lauer and Clarke 1989). 
 
Similarly in a longitudinal cohort of children (n = 1505) aged 5-14 years followed 
for 15 years, childhood blood pressure was significantly correlated with adult blood 
pressure levels (SBP r = 0.36-0.50, P <0.05 and DBP r =0.20-0.42, P <0.05) (Bao 
1995).  Furthermore, children in the highest quintile of blood pressure (SPB 40%; 
DBP 37%) were twice as likely to remain in the highest quintile as adults (Bao 
1995).  Similar to Bao’s (1995) findings, the Zurich blood pressure study, which 
followed Swiss children aged 7-11 years over a five year period (n = 1575), also 
found that children in the highest quintile for blood pressure were twice as likely to 
remain in the highest quintile at the two year, four year and five year follow up 
(Leumann et al. 1986).  Australian data reports similar tracking.  Burke et al. (2001) 
measured blood pressure levels in Perth primary school children at the age of nine  
(n = 1036) and repeated measurements at the age of 12 (n = 1310), 15 (n = 618) and 
18 years (n = 656).  Both SBP and DBP levels at age nine correlated with blood 
pressure levels at each of the follow-up periods (SBP r = 0.30-0.48, P <0.001; DBP 
r = 0.29-0.53, P <0.001).  The strongest correlations were seen with SBP, and the 
correlation weakened with increased time between follow up (Burke et al. 2001).   
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Across these studies reported correlation coefficients range from r = 0.21-0.50 for 
SBP and r = 0.13-0.50 for DBP.  The lowest correlation coefficients come from the 
Muscatine Study and this might be explained by the considerably longer follow-up 
time in this study, as evidence indicates a decline in the strength of tracking over 
time (Chen and Wang 2008).  The variation in correlations observed between studies 
may in part be due to differences in blood pressure measuring techniques, baseline 
ages and the period of follow up.   
 
The evidence for blood pressure tracking over the life course is further supported 
with the findings from a recent review (Chen and Wang 2008) and meta-analysis 
(Toschke et al. 2010).  In a review of 50 cohort studies Chen and Wang (2008) 
reported a moderate degree of blood pressure tracking from childhood into 
adulthood (average correlation coefficient SBP r = 0.38 and DBP r = 0.28).  Slightly 
higher correlation coefficients were reported in the meta-analysis conducted by 
Toschke et al. (2010).  In this analysis, which included approximately 25 000 blood 
pressure measurements across 29 studies, the adjusted pooled correlation 
coefficients for baseline age of 10 years for SBP at >1 year follow up, > 5years 
follow up and > 10 years follow up were r = 0.44, 0.41 and 0.37 respectively and for 
DBP r = 0.44, 0.41 and 0.36, respectively (Toschke et al. 2010).   
 
Adolescent blood pressure levels have also been shown to be predictive of adult 
hypertension (Tirosh et al. 2010).  In an analysis of blood pressure data from the 
Metabolic Lifestyle and Nutrition Assessment in Young Adults cohort (n = 26 980), 
adolescent blood pressure measured at 17 years, was found to be predictive of the 
development of adulthood hypertension at 42 years.  In that study, after adjustment 
for BMI and age, there was a linear relationship between adolescent blood pressure 
levels and risk of adult hypertension, with greater risk of adult hypertension 
occurring even within the low to normotensive range of adolescent blood pressure 
levels (Tirosh et al. 2010).   
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In conclusion there is evidence to suggest a moderate degree of blood pressure 
tracking from childhood to adulthood.  As the risk of CVD increases with rises in 
blood pressure (Lewington et al. 2002), the public health benefits of reducing 
childhood blood pressure levels even marginally becomes evident.  
 
2.1.5 The link between dietary salt intake and blood pressure 
There is conclusive evidence in adults that dietary salt is positively associated with 
blood pressure (Meneton et al. 2005, Scientific Advisory Committee on Nutrition 
2003, World Health Organization 2007).  Reducing sodium intake by 100 mmol/d 
(salt 6 g/d) predicts a 7 and 4 mm Hg reduction in SBP and DBP, respectively in 
hypertensive and a 4 and 2 mm Hg reduction in SBP and DBP respectively in 
normotensive adults (He and MacGregor 2002).  It has been estimated that such a 
reduction in population blood pressure would predict a 14% and 9% reduction in 
stroke and coronary deaths respectively in hypertensives; and a 6% and 4% 
reduction in stroke and coronary deaths respectively in normotensives (He and 
MacGregor 2002).  Whether a similar relationship exists between blood pressure and 
salt intake during childhood has been the question of numerous past studies (Cooper 
et al. 1980, He et al. 2008a, Jenner 1988, Luque Otero et al. 1985, Maldonado-
Martin et al. 2002, Zwiauer et al. 1991). 
 
In 1980 Cooper et al. explored the relationship between dietary sodium and blood 
pressure in US children (n = 73) aged 11-14 years.  Mean sodium intake, as 
determined by seven 24-hr urinary collections, was 132 (SD 44) mEq (3036 (SD 
1012) mg/d sodium; 7.6 (SD 2.5) g/d salt).  In univariate analysis sodium excretion 
was significantly related to SBP (r = 0.39, P <0.001).  This relationship remained 
significant in multiple regression analysis, adjusting for weight, height, gender and 
age (β = 0.059, P <0.05) (Cooper et al. 1980).  These data showed that a 1 gram per 
day increase in dietary salt predicted a 1 mm Hg increase in SBP.   
 
In contrast data from a Spanish cross-sectional study (n = 613) in a randomly 
selected sample of children aged 6 to 14 years indicated a weaker correlation 
between sodium excretion mean 136 (SD) 63 mmol/d (3128 (SD) 1449 mg/d 
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sodium; 7.8 (SD) 3.6 g/d salt) and SBP (r  = 0.18, 95% CI: 0.10, 0.26).  However, in 
multiple regression analysis with adjustment for weight, height and age there was no 
longer a relationship between sodium excretion and blood pressure (Maldonado-
Martin et al. 2002).   
 
Analysis of a sub-sample of data (n = 1658) from the large nationally representative 
1997 National Diet and Nutrition Survey in young people in Great Britain revealed a 
positive association between salt intake and blood pressure in children aged 4-18 
years (r = 0.30, β = 1.80 ± 0.14 mm Hg per g/d of salt, P <0.0001) (He et al. 2008a).  
This study utilised 7-day weighed dietary records to determine sodium intake rather 
than 24-hr urinary samples used in the previous studies.  As such it is likely that the 
reported sodium intake (4 year olds = 1880 (SD) 80 mg/d, 4.7 (SD) 0.2 g/d salt and 
18 year olds = 2720 (SD) 80 mg/d, 6.8 (SD) 0.2 g/d salt) is an underestimation, as 
this method fails to capture the amount of salt added during cooking and at the table.  
In multiple regression analysis, which accounted for confounders (age, sex, weight 
and potassium intake) a significant relationship remained, such that a 1 g/d increase 
in salt per day predicted a 0.4 mm Hg increase in SBP.  When regression analysis 
was repeated on separate age groups; 4-8; 9-13 and 14-18 years, a significant 
relationship was found in 14-18 year olds only (He et al. 2008a).  It is possible that a 
relationship was not detected in the younger age groups due to the reduced sample 
size and loss of statistical power.  
 
In contrast to the recent findings of He et al. (2008b) cross-sectional data from 
Australia revealed no relationship between child blood pressure levels and dietary 
sodium intake (Jenner 1988).  In nine year old children (n = 884), attending Perth 
primary schools, sodium intake was determined by parents completing a food 
frequency questionnaire and a supplementary questionnaire which asked if salt was 
added to the evening meal.  Estimated intake of sodium was 2640 ± SD 710 mg/d 
(6.6 ± 1.8 g/d salt) and 2410 ± 710 mg/d (6.0 ± 1.8 g/d salt), in boys and girls 
respectively.  Using regression analysis and controlling for height, weight, age, SES 
and season, no relationship between sodium intake and SBP or DBP was found.  
While Jenner et al. (1998) concluded that sodium intake was a poor predictors of 
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blood pressure in Australian in children, it should be noted that a FFQ is considered 
a poor measurement tool for accurately assessing sodium intake. 
 
In summary data from cross-sectional studies assessing the relationship between 
sodium intake and blood pressure levels in children are inconsistent.  The difficulty 
in ascertaining if salt intake influences blood pressure during childhood may be 
explained by the inherent difficulties in measuring dietary salt intake i.e. 
measurement of total dietary intake and/or sodium derived from food only, difficulty 
in measuring discretionary salt use, errors associated with food composition 
databases and difficulties with very young children accurately completing a 24-hr 
urine sample.  These measurement difficulties are compounded by the large day to 
day variation in an individual’s salt intake and  the confounding effect of growth and 
development on blood pressure (He et al. 2008a, National Heart Lung and Blood 
Institute 1987).  It is possible that the child’s age may be central in observing any 
relationship between salt intake and blood pressure.  A relationship has been 
observed in those studies which included older children, as is the case in Cooper et 
al. (1980) (i.e. 11-14 year old children) and He et al. (2008b) (i.e. 14-18 year old 
children).  Whereas, in studies that included younger participants, 6-14 years, there 
was a weaker or null relationship (Jenner 1988, Maldonado-Martin et al. 2002).  
 
In light of the conflicting evidence of a possible relationship between dietary sodium 
and blood pressure in children and adolescents Simons-Morton & Obarzanek (1997) 
conducted a review which included 25 observational and 12 intervention studies.  
The authors noted that within these studies there was a large variation in study 
design; including a large range of sample sizes (n = 72-2206), inconsistency in 
taking into account potential confounders, and differing methodology to determine 
sodium intake.  For example eight of the 25 observational studies used self-reported 
measures to assess sodium intake and 17 utilised sodium excretion; within the 
intervention studies overnight urines were often used rather than the more accurate 
24-hr collection.  However, with consideration to the strengths of each study, the 
authors concluded that findings suggest greater sodium intake predicts higher blood 
pressure in children and adolescents, as indicated by the positive association 
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reported in the more robust observational studies and randomized controlled trials 
(Simons-Morton and Obarzanek 1997).   
 
These findings are further supported with results from a recent meta-analysis, which 
included 10 controlled trials that investigated the effect of reduced salt intake on 
blood pressure in children.  In that analysis a 42% reduction in salt intake, predicted 
a significant reduction in both systolic (-1.17 mm Hg) and diastolic (-1.29 mm Hg) 
blood pressure (He and MacGregor 2006).  Furthermore, a recent systematic review 
of 14 randomized control trials, one non-randomized controlled trial and three 
prospective cohort studies, completed by the 2010 US Dietary Guidelines Advisory 
Committee concluded a moderate body of evidence has documented that a reduction 
in sodium intake is associated with reduced blood pressure in children from birth to 
18 years (US Department of Agriculture 2010b).  Although the magnitude of the 
association between salt reduction and blood pressure in children is relatively 
modest, blood pressure follows a tracking pattern from childhood into adulthood, 
and thus the public health benefits of shifting the distribution of population blood 
pressure levels is likely to be important (Chobanian et al. 2003).  For instance, a -1.7 
mm Hg reduction in adult SBP is estimated to equate to a 7% fall in CVD mortality 
(Chobanian et al. 2003).  Given that hypertension is a leading cause of death and 
follows a tracking pattern over the life course, lowering blood pressure levels even 
marginally during childhood is likely to be important for reducing the burden of 
CVD.  
 
In summary evidence supports the link between elevated blood pressure and higher 
salt intakes during childhood.  As blood pressure follows a tracking pattern over the 
life course it is reasonable to conclude that reducing children’s salt intake will 
reduce the risk of raised blood pressure during adulthood.  These findings emphasise 
the importance of monitoring salt intake during childhood and the commencement 
of salt reduction strategies in early life.  
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2.1.6 Definition of overweight and obesity 
Obesity is defined as the accumulation of excess fat deposits, which are associated 
with adverse health outcomes (World Health Organization 2000).  In adults BMI 
(weight kg/height m2) is the accepted measure of obesity.  Based on BMI cut-points 
relative to increased risk of chronic disease, adults are classified as underweight 
BMI<18.49kg/m2, normal weight BMI 18.5-24.99 kg/m2, overweight BMI ≥25 
kg/m2 and obese BMI ≥30 kg/m2 (World Health Organization 2000).   
 
In children BMI cut-points need to be age and gender specific due to the substantial 
changes in weight and height during growth (Cole 2000).  A number of countries 
use normative population data on height and weight in children collected during 
national surveys as reference data to define overweight and obesity.  In the USA the 
2000 Centre for Disease Control and Prevention (CDC) BMI for age growth charts 
are used as reference values (Centers for Disease Control and Prevention 2002).  
Based on this data, in 2-19 year olds, overweight is defined as a BMI-for-age 
between the 85th to 95th percentile and obesity is defined as a BMI-for-age at or 
above the 95th percentile (Ogden and Flegal 2010).  Many countries, including 
Australia, do not have country specific reference data available to define overweight 
and obesity. 
 
In 2000 following recommendations from the International Obesity Task Force 
(IOTF), Cole and colleagues developed internationally accepted age and gender 
specific BMI cut-points for children aged 2-18 years (Cole 2000).  The purpose of 
these cut-points was to enable the inclusion of anthropometric reference data from 
several countries and to incorporate statistical modelling to identify child BMI cut-
points that were linked with adult BMI cut-points.  This process means child BMI 
cut-points are drawn from levels associated with chronic disease risk in adults, as 
opposed to using an arbitrary percentile cut-off (i.e. 85th and 95th).  To do this Cole 
et al. (2000) collated weight and height data for children from birth to 25 years of 
age from 6 nationally represented surveys conducted in Brazil, Britain, Hong Kong, 
Singapore, the Netherlands and the USA.  To align with adult recommendations, 
centile curves were developed so that at 18 years of age the curve passed through the 
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accepted adult cut-points for overweight (25 kg/m2) and obesity (30 kg/m2) (Cole 
2000).  Dependent on which criterion are used (i.e. CDC or IOTF) there are 
inconsistencies in prevalence estimates of childhood overweight and obesity (Lang 
et al. 2011).  
 
2.1.7 Prevalence of overweight and obesity in children 
Globally the prevalence of childhood overweight and obesity has reached epidemic 
proportions (de Onis et al. 2010, Swinburn et al. 2011, Wang and Lobstein 2006).  It 
is estimated that worldwide at least 155 million school-age children are overweight 
or obese and 2-3% of children are classified as obese (Lobstein et al. 2004).  In 
several countries the prevalence of childhood overweight and obesity has steadily 
increased since the 1980’s by more than one percentage point each year (Wang and 
Lobstein 2006).  In Australia in 2007-2008, 25% of children aged 5-17 years were 
overweight or obese, an increase of 4 percentage points since 1999 (Australian 
Bureau of Statistics 2010).  A further 7.5% were obese, rising from 5.2% in 1995 
(Australian Bureau of Statistics 2010).  In Europe estimates on childhood 
overweight and obesity are similar, 20.1% and 5.4%, respectively (Wang and 
Lobstein 2006).  In England the total percentage of both overweight and obese 
children (30.3%) is similar to Australia, however in 2010 a much higher proportion 
of British children fell within the obese category (16.0% obese vs. 14.3% 
overweight) (The NHS Health and Social Care Information Centre 2011).  A similar 
trend to the UK was observed in the USA where in the 2009-2010 National Health 
and Nutrition Examination Survey (NHANES) the prevalence of overweight and 
obesity in children aged 2-19 years was 14.9% and 16.9%, respectively (Ogden et al. 
2012).  
 
Despite the high prevalence of childhood overweight and obesity, a recent review by 
Rokholm et al (2010) which includes obesity prevalence data since 1999 from 25 
different countries, indicates a levelling off of childhood and adolescent overweight 
and obesity in some socioeconomic groups within the USA, Europe, Japan and 
Australia (Rokholm et al. 2010).  With regards to Australian data, a comprehensive 
review, which included data on weight status in children aged 2-18 years from 41 
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studies between 1985 to 2008, found that over the past 10 years overweight and 
obesity rates have remained stable at 21-25% overweight and obese and 5-6% obese 
(Olds et al. 2010).  Similarly, in a national sample of Australian school students 
aged 6-18 years, overweight and obesity rates were relatively stable between the 
years of 2000 (16.3% overweight, 5.2% obese) and 2006 (19.0% overweight and 
6.1% obese) (O'Dea and Dibley 2010).  However, differences were seen in low SES 
schools where the prevalence of both overweight and obesity significantly increased 
from 2000 to 2006 (O'Dea and Dibley 2010).  Regardless of the apparent levelling 
off of childhood overweight and obesity it is important to note that prevalence rates 
are still at an all-time high and impose substantial health, social and economic costs 
(Rokholm et al. 2010).  
 
Childhood overweight and obesity are associated with a range of short and long term 
adverse health outcomes, including psychological and social problems such as 
stigmatisation and depression, as well as clustering of cardiovascular risk factors, 
which in turn increase the risk of future chronic diseases (Gill et al. 2009, Inchley et 
al. 2001).  As with adults, numerous studies have reported that adiposity is a 
determinant of raised blood pressure in children and adolescents (Rosner et al. 2000, 
Sorof and Daniels 2002, Sorof et al. 2004).  For example, in a large pooled analysis 
of data from US epidemiological studies (n = 47 196) Rosner et al. (2000) found the 
likelihood of elevated systolic blood pressure was 2.5 to 3.7 times greater in those 
children and adolescents within the upper deciles of BMI, independent of age, 
gender and race (Rosner et al. 2000).  In the USA the rise in blood pressure levels in 
children and adolescents observed between 1988 to 2000, is reported to be in part 
attributable to the concurrent rise in the prevalence of overweight and obesity 
(Muntner et al. 2004).  In addition, childhood overweight and obesity follow a 
tracking pattern into adulthood (Freedman et al. 2008) and has also been found to be 
positively associated with adult mortality (Engeland et al. 2003).  
 
2.1.8 Tracking of overweight and obesity from childhood into adulthood 
Multiple longitudinal studies have assessed the tracking of adiposity from childhood 
into adulthood and there is consistent evidence to support the notion that overweight 
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children are at a greater risk of being overweight or obese as adults (Serdula et al. 
1993, Singh et al. 2008).  The most recent review on this topic included 25 studies, 
13 of which were classified as high quality (Singh et al. 2008).  All studies reviewed 
reported that overweight and obese children and adolescents were at a greater risk of 
becoming overweight adults (Singh et al. 2008).  The risk of becoming overweight 
as an adult was double for children and adolescents who were overweight or obese 
compared to those children and adolescents of a healthy weight.  However, the 
percentage of overweight and obese adolescents becoming overweight or obese 
adults varied considerably between the studies, 24 to 90% (Singh et al. 2008).  
Overall those youth with the highest BMIs, particularly in later adolescence 
compared to childhood, were at greatest risk of becoming overweight or obese as 
adults (Singh et al. 2008).  
 
Since the publication of Singh’s review further studies in Slovenia (Starc and Strel 
2011), the USA (The et al. 2010) and Denmark (Rasmussen et al. 2012) have 
reported the tracking of excess weight from childhood to adulthood.  For example, 
in the USA, The et al (2010) found that obese adolescents were 16 times more likely 
to become severely obese as adults (i.e. BMI ≥40) (OR: 16.0, 95% CI: 12.4, 20.5) 
(The et al. 2010).  Similarly, in a Danish cohort of adolescents it was found that 
compared to healthy weight adolescents, overweight adolescents were 12 times 
more likely to be overweight at 27 years of age (OR: 11.8, 95%CI: 3.9-36.2) 
(Rasmussen et al. 2012).  
 
The treatment and prevention of childhood obesity is a challenging public health 
problem and requires a comprehensive approach which includes wide ranging 
strategies, from targeting family eating interactions to decreasing sedentary 
behaviours (Davies et al. 2007).  Whilst the interplay of obesity promoting dietary 
patterns and behaviours are complex and varied, the over consumption of certain 
foods are recognised as promoting excess weight gain during childhood.  For 
example greater consumption of SSBs has been shown to be associated with 
overweight and obesity risk in children and adolescents (de Ruyter et al. 2012, 
Ebbeling 2006, Ebbeling et al. 2012, Ludwig et al. 2001, Malik et al. 2006, Mattes et 
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al. 2011, Olsen and Heitmann 2009, Vartanian et al. 2007).  The International 
Obesity Taskforce identifies sugar-sweetened beverages (SSBs) as an important and 
likely contributor to obesity prevalence in children and therefore recommends 
consumption be reduced (Lobstein et al. 2004). 
 
2.1.9 SSB consumption and obesity risk in children and adolescents 
The literature regarding the association between SSBs and adiposity in children is 
extensive and somewhat controversial.  Ecological studies, primarily from the USA, 
have identified parallel increases in the past 3-4 decades in the consumption of SSBs 
and the prevalence of childhood obesity (Bray et al. 2004, Popkin and Nielsen 2003, 
Woodward-Lopez et al. 2010).  The first well-known prospective study was 
completed by Ludwig and colleagues in 2001.  In this cohort of US school children, 
mean age 11.7 years, (n = 548) with 19 months of follow up, it was shown that the 
consumption of one serving of sugar-sweetened soft drink (12 oz. serving size) was 
associated with a 0.24 kg/m2 increase in BMI (95% CI: 0.10, 0.39; P = 0.03) and a 
60% increase in the risk of obesity (OR: 1.6, 95% CI: 1.14, 2.24, P = 0.02)  (Ludwig 
et al. 2001).  Following this four randomized controlled trials have been conducted 
to examine the association between SSB consumption and obesity risk in children 
(de Ruyter et al. 2012, James et al. 2004) and adolescents (Ebbeling 2006, Ebbeling 
et al. 2012).   
 
The first conducted by James and colleagues (2004) was a 1 year cluster randomized 
controlled trial in school children aged 7-11 years (n = 644).  The intervention was a 
school education program that focused on reducing carbonated sweetened beverages 
to prevent excess weight gain.  The intervention was successful in reducing 
carbonated drinks by 0.6 glasses over 3 days, whereas consumption in the control 
group increased by 0.2 glasses over 3 days in the control group (mean difference 
0.7, 95% CI: 0.1, 1.3).  Whilst there was no significant change in BMI between the 
two groups, at the end of the trial the percentage of obese children increased by 
7.6% in the control group, versus a decrease of 0.2% in the intervention group 
(mean difference 7.7%, 95% CI 2.2, 13.1%) (James et al. 2004).  Given the large 
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variation in individual patterns of growth and development during childhood a 
longer timeframe of intervention may be required to detect differences in BMI.  
 
In a 25 week intervention pilot study by Ebbeling et al. (2006) 103 13-18 year old 
adolescents who reported regularly consuming SSBs were randomized to either the 
intervention group, who were supplied with home delivery of non-caloric beverages 
to displace the usual SSBs in their diet, or the control group, who were instructed to 
continue their usual beverage consumption.  Despite a significant reduction in SSB 
consumption (82%) in the intervention group and no change in the control group, 
there was no significant change in BMI between control and intervention groups 
(BMI change: control 0.07 ± 0.14 kg/m2; intervention -0.14 ± 0.21 kg/m2) (mean ± 
SEM).  However, among subjects of the upper tertile of baseline BMI, there was a 
significant difference in BMI change between control (+0.12 ± 0.26 kg/m2) and 
intervention group (-0.63 ± 0.23 kg/m2) (P = 0.03) (Ebbeling 2006).  These findings, 
suggest that overweight adolescents are most likely within the adolescent population 
to benefit from reductions in SSBs. 
 
Following on from this trial Ebbeling et al. (2012) repeated the intervention (i.e. 
home delivery of non-caloric beverages), however only overweight and obese 
adolescents (n = 224) were included and the intervention was increased to 1 year.  
Anthropometric outcomes were assessed at the end of the 1 year intervention and at 
2 years of follow up.  In the intervention group SSB consumption was significantly 
reduced from baseline (1.7 (SD) 0.9 servings/d) to 1 year (0.2 (SD) 0.4 servings/d, P 
<0.001) and 2 year follow up (0.4 (SD) 0.5 servings/d, P <0.001).  The control 
group also reported a significant reduction in SSB intake from baseline (1.7 (SD) 1.1 
servings/d) to 1 year (0.9 (SD) 1.1 servings/d, P <0.001) and 2 year follow up (0.8 
(SD) 0.8 servings/d, P <0.001), however the difference in SSB reduction was 
significantly greater in the intervention group compared to the control group at both 
time points (both P <0.01).  At 1 year in the intervention group there was no change 
in BMI (0.06 (SD) 0.20 kg/m2, P = 0.75) whereas in the control group BMI was 
significantly increased (0.63 (SD) 0.20 kg/m2, P <0.001).  The change in BMI 
between groups was significantly different (-0.57 kg/m2, P = 0.045).  Furthermore, 
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the change in BMI between groups was more pronounced in sub-group analyses 
which included only Hispanic adolescents.  At 2 years of follow-up the change in 
BMI between groups no longer remained.  This study demonstrates that in 
overweight and obese adolescents limiting consumption of SSBs slows weight gain.   
 
Similar findings have recently been reported in Dutch children aged 4-11 years (de 
Ruyter et al. 2012).  In this 18 month double blind randomized controlled trial, 
children attending elementary schools who were primarily of a healthy weight were 
supplied with a daily 250 ml serving of either SSB (sugar group) or artificially 
sweetened beverage (sugar free group).  At the end of the intervention z score for 
BMI had increased by 0.02 SD units in the sugar free group, compared to 0.15 SD in 
the sugar group (mean difference in change from baseline -0.13, P <0.001).  Similar 
findings were reported for change in fat mass between groups.   
 
A number of reviews, including narrative (James and Kerr 2005, Pereira 2006, 
Libuda and Kersting 2009, Bachman et al. 2006), systematic (Gibson 2008, Malik et 
al. 2006, Olsen and Heitmann 2009, Wolff and Dansinger 2008, Woodward-Lopez 
et al. 2010) and meta-analyses (Forshee 2008, Mattes et al. 2011, Vartanian et al. 
2007) ) have been conducted evaluating the link between SSB consumption and 
weight status.  Most reviews have included studies completed in adults and children 
(Bachman et al. 2006, Gibson 2008, James and Kerr 2005, Malik et al. 2006, Mattes 
et al. 2011, Olsen and Heitmann 2009, Pereira 2006, Vartanian et al. 2007, Wolff 
and Dansinger 2008, Woodward-Lopez et al. 2010), with only two specific to 
children and adolescents (Forshee 2008, Libuda and Kersting 2009).  The outcomes 
of these reviews are conflicting.  One meta-analysis concluded there was no effect of 
SSB consumption on BMI in children and adolescents (Forshee 2008), however this 
study was funded by the American Beverage Association and later criticised by 
Malik & colleagues for containing a number of statistical errors leading to bias in 
their results (Malik et al. 2009).  Several others have stated that the evidence is 
inconclusive (Bachman et al. 2006, Gibson 2008, Mattes et al. 2011, Pereira 2006), 
noting that the study by Gibson was funded by the Union of European Beverages 
Association.  However, the majority of reviews acknowledge that despite some 
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inconsistencies between individual studies, on the whole the evidence indicates a 
positive association between SBB consumption and childhood obesity risk (James 
and Kerr 2005, Libuda and Kersting 2009, Malik et al. 2006, Olsen and Heitmann 
2009, Vartanian et al. 2007, Wolff and Dansinger 2008, Woodward-Lopez et al. 
2010).  Further support for this association comes from the findings from two recent 
randomised controlled trials (de Ruyter et al. 2012, Ebbeling et al. 2012) 
 
Key themes to emerge within the literature that may explain some of the 
inconsistencies between past studies include the effect of bias from industry funded 
studies (Vartanian et al. 2007), difficulty in controlling for the influence of pubertal 
development on weight change through adolescence, inconsistencies in the 
definition of SSBs (i.e. primarily inclusion/exclusion of fruit juice/drinks), variation 
in the adjustment of covariates, in particular energy, cultural influence (i.e. most 
studies completed in the USA) and differences in dietary methodology (i.e. 
compared to a FFQ, a 24-h dietary recall less sensitively reflects ‘usual’ intake and 
relate to a long-term marker such as weight status).   
 
Based on the available evidence a number of health organisations acknowledge the 
association between SSB consumption and excess weight gain and recommend 
children and adolescents reduce intake of these beverages (American Academy of 
Pediatrics 2004, Krebs and Jacobson 2003).  The recent Dietary Guidelines for 
Americans, 2010 recommend SSB consumption be reduced (US Department of 
Agriculture and US Department of Health and Human Services 2010).  This 
recommendation was formed on the basis of a comprehensive review, including 
studies from 1982-2009, completed by the USA 2010 Dietary Guidelines Advisory 
Committee.  The committee concluded that there was strong evidence to show that 
greater consumption of SSBs is linked to increased adiposity in children (US 
Department of Agriculture 2010a).  Similarly, the revised Australian Dietary 
Guidelines, 2011 recommended intake of SSBs be limited (National Health and 
Medical Research Council 2011).  The Australian Dietary Guidelines Working 
Group concluded that it was probable that SSB consumption was positively 
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associated with weight gain in children (National Health and Medical Research 
Council and Department of Health and Ageing 2011).  
 
Although there has been debate over the likely mechanism of action by which SSBs 
are linked to obesity risk (Bachman et al. 2006, Olsen and Heitmann 2009) the most 
recent research supports the view that when consuming liquid kilojoules there is an 
incomplete compensation of energy from other food sources leading to overall 
greater energy intake (Cassady et al. 2012, DiMeglio and Mattes 2000, Vartanian et 
al. 2007).  This is likely due to the lower satiety effect of liquid calories as a result of 
altered hormonal responses and an increased gastric emptying rate (Cassady et al. 
2012).  In conclusion, existing evidence supports the notion that greater 
consumption of SSBs in children and adolescents is associated with obesity risk and 
the effect is likely from the over-consumption of kilojoules supplied from these high 
energy drinks and a lack of energy compensation from other food sources. 
 
2.1.10 The link between dietary salt intake, SSB consumption and obesity risk 
Recent findings suggest that dietary salt intake may be associated with SSB 
consumption (He et al. 2008c), identifying a link with obesity risk.  The link 
between dietary salt intake and SSB consumption is based on the physiological 
processes that regulate body fluid homeostasis.  A visual model depicting the 
relationship is presented in Figure 2.1. 
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Figure 2.1. The proposed relationship between dietary salt intake, fluid and 
SSB consumption and obesity risk 
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Sodium is the major cation present in the extracellular fluid (i.e. plasma).  To 
maintain body water balance plasma sodium concentration is tightly regulated 
between 136-146 mmol/L (Food and Nutrition Board and Institute of Medicine 
2004).  A number of experimental studies in adults have demonstrated that 
consuming greater quantities of dietary sodium causes plasma sodium to rise (De 
Wardener et al. 2004).  Plasma sodium is a major determinant of plasma osmolarity 
and a small increase of 1-2% in plasma osmolarity will create an osmotic shift of 
water from the intracellular fluid into the hypertonic extracellular fluid, leading to 
intracellular dehydration (McKinley and Johnson 2004, Stachenfeld 2008).  
Osmoreceptors detect the change in plasma osmolarity and in response stimulate the 
hypothalamic thirst centre, initiating drinking behaviour to restore body fluid 
balance (Food and Nutrition Board and Institute of Medicine 2004, McKinley and 
Johnson 2004, Stachenfeld 2008).   
 
Early work completed by Gilman in the 1930s demonstrated that intravenous 
injections of hypertonic saline solution in dogs produced an osmotic gradient which 
induced thirst, as indicated by an increase in voluntary water intake (Gilman 1937).  
As dietary sodium contributes to the osmotic load of food, other animal studies have 
controlled the amount of sodium within the diet to determine the effect of dietary 
sodium intake on ad libitum water intake (Cowley et al. 1986, Stricker et al. 2003).  
For example in a cross-over experimental study of adult male rats where chow and 
water were both readily available, it was found that ad libitum water intake trebled 
upon switching from a low sodium chow (1% NaCl) to a high sodium chow (8% 
NaCl) (Stricker et al. 2003).   
 
Osmotic induced thirst has been demonstrated in human studies whereby following 
the infusion of hypertonic saline solutions there is a subsequent rise in plasma 
osmolarity and either self-rated thirst perception (Calzone et al. 2001) or ad libitum 
drinking increases (Stachenfeld et al. 1996).  In an experimental trial in the UK (n = 
1104) when hypertensive adults changed from a high sodium diet, 277 mmol/d (16.3 
g/d salt), to a low sodium diet, 20 mmol/d (1.2 g/d salt), there was a significant 
reduction in urinary volume output (indicative of fluid intake) from 2.2 ± (SEM) 
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0.01 L to 1.3 ± 0.05L (P <0.001) (He et al. 2001).  Similarly, in a cross-sectional 
component of this study in a large sample of normotensive adults (n = 8343) sodium 
intake was positively associated to 24-hr urinary volume and a 100 mmol/d 
reduction in sodium (6 g/d salt) intake predicted a 399 mL/d reduction in 24-hr 
urinary volume (He et al. 2001).  Collectively these findings demonstrate the role 
dietary salt plays in determining fluid intake.   
 
In light of changing dietary patterns over the past two decades, which have seen an 
increase in the consumption of SSBs (Adair and Popkin 2005, Briefel and Johnson 
2004), researchers have questioned if a high intake of dietary salt may contribute to 
greater consumption of SSBs (Karppanen and Mervaala 2006).  Sales data from 
1983-1998 in the USA show that over this 15 year period there was a similar 
increase in sales in food grade salt (45% increase) and sugar sweetened soft drink 
(55% increase) sales per capita (Karppanen and Mervaala 2006).  This increase 
corresponds with a rise in energy intake and obesity prevalence rates over a similar 
time period (Karppanen and Mervaala 2006).  Although observational data cannot 
infer a temporal association between salt intake and SSB consumption, in the 
context of the body’s thirst response to salt intake, it provides an interesting area for 
future research.  
 
The first study to assess the association between salt intake and SSB consumption 
was by He and colleagues in 2008.  In this study, He et al. analysed data from the 
1997 National Diet and Nutrition Survey for young people in Great Britain (4-18 
years, n = 1688) and found that salt intake, as measured by seven day dietary 
records, was positively associated with total fluid intake (r = 0.40, P <0.001), and 
was weakly associated with sugar-sweetened soft drink consumption (r = 0.18, P 
<0.001) (He et al. 2008c).  After adjustment for age, gender and weight, multiple 
regression analysis revealed that a 1 g/d reduction in salt (390 mg sodium) predicted 
a 100 g/d reduction in total fluid intake; and a 27 g/d reduction in sugar-sweetened 
soft drink consumption.  The author’s concluded that a 50% reduction in salt intake 
(3 g salt; 1200 mg sodium) in British children, would lead to a 2.3 serving (250 g 
serve) reduction in sugar-sweetened soft drinks per child, which is equivalent to a 
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1020 kilojoules/week reduction in energy intake (He et al. 2008c).  In 2011 a small 
study in German children and adolescents aged 3-18 years (n = 364) reported similar 
findings indicating a positive association between salt intake and SSB consumption 
(Libuda et al. 2012). 
 
In summary there is limited data assessing the association between salt intake and 
obesity risk, mediated by SSB consumption in children and adolescents.  Given the 
well-established relationship between dietary salt intake, thirst and fluid 
consumption (Food and Nutrition Board and Institute of Medicine 2004, McKinley 
and Johnson 2004, Stachenfeld 2008), along with high access and marketing of 
SSBs to adolescents (Wolff and Dansinger 2008), it is plausible that the high salt 
diet of children may encourage greater consumption of SSBs.  In view of the 
unprecedented rates of childhood overweight and obesity, and the complexities of 
overcoming this public health issue, further research to investigate the association 
between salt intake, fluid and SSB consumption and obesity risk in other paediatric 
population groups is warranted.     
 
2.2 Dietary salt intake and recommendations 
2.2.1 Dietary recommendations for sodium/salt 
Recommendations for adults 
The World Health Organization recommends adults consume less than 5 grams/d of 
dietary salt (sodium 2000 mg) (World Health Organization 2007).  In Australia, the 
Australian Division of World Action on Salt and Health (AWASH) and the Heart 
Foundation advise adults consume no more than 6 grams/d of salt (Australian 
Division of World Action on Salt and Health 2007, Heart Foundation of Australia 
2006).  The Australian National Health and Medical Research Council (NH&MRC) 
have set three recommendations for sodium intake in adults: Adequate Intake (AI) of 
460-920 mg/d (1.2–2.3 g salt), Upper Limit (UL) 2300 mg/d (5.8 g salt) and 
Suggested Dietary Target (SDT) 1600 mg (4 g salt) (National Health and Medical 
Research Council 2006) .  The SDT is set at a level that aims to prevent the 
development of chronic disease and provide further benefit to those suffering from 
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pre-existing hypertension.  Interpretation of the maximum recommended levels 
should consider that such levels were set with regard not only to reduced risk of 
chronic disease, but also at a level considered to be achievable in the context of the 
current food supply (National Health and Medical Research Council 2006).    
 
Recommendations for children 
The NH&MRC has set a recommended daily AI, as well as a daily UL for sodium 
intakes for children (National Health and Medical Research Council 2006).  The UL 
recommendations are presented below in Table 2.1.  As with adults, AI’s were set as 
there was insufficient dose-response data to establish an EAR (Estimated Average 
Requirement).  At the age of one year the kidney has reached maturation, implying 
that a child’s sodium requirement per kg/body weight would be similar to an adults, 
as such the AI for children is based on the adult AI with adjustment for relative 
energy intake.  Similar to Australia, the USA recommendations for sodium intake in 
children, as defined by the Institute of Medicine (IOM), include an AI and UL, each 
of these are extrapolated from adult recommendations with adjustment for relative 
energy intake (Food and Nutrition Board and Institute of Medicine 2004).  
Furthermore, in the USA the AI is set at a level with consideration to the nutrient 
profile of the food supply and allowance for other nutrient requirements to be met.  
As such, there are differences in recommendations between the two countries (Table 
2.1).  In 2003 the Scientific Advisory on Nutrition Committee set daily average 
targets for salt intake in UK children and adolescents (Table 2.1).  
 
In addition to quantitative recommendations for salt intake, the 2003 Australian 
Dietary Guidelines for Adolescents and Children provides qualitative 
recommendations in relation to sodium intake.  These guidelines recommend to 
choose foods low in salt (National Health and Medical Research Council 2003).  
The updated version of the Australian Dietary Guidelines, 2011 which apply to 
children and adolescents and is currently under draft public consultation, is more 
comprehensive with regards to sodium intake (National Health and Medical 
Research Council 2011).  Consistent with previous guidelines it is recommended 
that foods and drinks which contain added salt be limited, in addition there is an 
emphasis on reading food labels to choose lower sodium food products among 
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similar foods, as well as not adding salt to foods (National Health and Medical 
Research Council 2011).  
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Table 2.1. Comparison of dietary recommendations for sodium intake (mg/d) and salt equivalent (g/d) of Australian, USA and UK 
children and adolescents by age group 
Australia1 USA2 UK3 
Age group 
(years) 
Daily Upper Limit Age group 
(years) 
Daily Upper Limit Age group 
(years) 
Daily Average Target 
 Sodium 
(mg) 
Salt           
(g) 
 Sodium 
(mg) 
Salt        
(g) 
 Sodium 
(mg) 
Salt        
(g) 
1-3 1000 2.6 1-3 1500 3.8 1-3 780 2.0 
4-8 1400 3.6 4-8 1900 4.8 4-6 1170 3.0 
9-13 2000 5.1 9-13 2200 5.6 7-10 1950 5.0 
14-16 2300 5.9 14-16 2300 5.9 11-14 2340 6.0 
 
1 NH&MRC Nutrient Reference Values (National Health and Medical Research Council 2006) 
2 Institute of Medicine Dietary Reference Intake (Food and Nutrition Board and Institute of Medicine 2004) 
3 Salt and Health Scientific Advisory Committee on Nutrition (Scientific Advisory Committee on Nutrition 2003) 
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2.3 Measuring salt intake 
Twenty-four hour urine collection is the most objective measure of sodium intake as 
approximately 95% of dietary sodium consumed in a healthy population is excreted 
in the urine (Bates et al. 1997, World Health Organization 2007).  Some sodium is 
lost through sweat; the amount is dependent on level of physical activity and 
exposure to heat (National Health and Medical Research Council 2006).  As such 
24-hr urinary sodium excretion is considered the gold-standard measure to 
determine dietary salt intake and its use is recommended in salt assessment studies 
(World Health Organization 2007, World Health Organization 2010b).  However, 
this methodology has some limitations, which include: high participant burden and 
large fluctuations in day to day sodium intake amongst individual’s days of 
collection.  Given these limitations it has been estimated that at least seven, 24-hr 
urine collections are required to assess an individual’s salt intake (Cooper et al. 
1980).  Large population studies generally utilise one 24-hr collection when 
attempting to describe the average salt intake of relatively large populations groups 
(INTERSALT Cooperative Group. 1988) or to measure change in dietary salt intake 
in a study population (Sadler et al. 2012).  To estimate dietary salt intake with a 95% 
confidence interval about the mean of consumption of +/- 0.71 g/d, a single 24-hr 
urine collection from a sample of 100-200 subjects is required (World Health 
Organization 2007).  To increase precision a larger sample would be required 
(World Health Organization 2007).  To detect a change in salt intake over time of 1 
g/d (SD 4.4) g at least 120 subjects per age and sex stratum are required, with further 
allowances required to account for attrition (World Health Organization and Pan 
American Health Organization 2010a).  Many studies assess sodium intake from 
dietary recall and records as an alternative to using 24-hr urinary sodium excretion 
(Loria et al. 2001).  As with other nutrients, dietary assessment has a range of 
limitations including respondent bias and reliance on the memory of the respondent 
(Gibson 2005).  In the case of sodium, dietary recall assessment is further limited by 
the quality of food composition databases and the exclusion of salt added during 
cooking and at the table (Loria et al. 2001, World Health Organization and Pan 
American Health Organization 2010b). 
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2.3.1 Dietary salt intake in children  
Throughout developed countries dietary salt intakes of children are high, and levels 
frequently exceed 6 grams per day (2300 mg/d of sodium) (Brown et al. 2009).  The 
most recent data examining dietary sodium intake in Australian children is from the 
2007 ANCNPAS (Department of Health and Ageing et al. 2008a).  Findings from 
this survey indicate that compared to dietary recommendations Australian children 
are consuming high amounts of dietary sodium.  The average daily intake of 
reported sodium by age group is shown in Table 2.2.  In this study, sodium intake 
was determined using a 24-hr dietary recall and hence excludes salt added at the 
table and during cooking.  It is therefore likely that this is an under estimation of the 
true value of sodium intake (Espeland et al. 2001, Loria et al. 2001).  For example, 
in adults’ sodium intake estimated from 24-hr dietary recall was found to be 22% 
lower than sodium estimated from 24-hr urine collection (Espeland et al. 2001). 
 
Table 2.2. Mean sodium intake in Australian children aged 2-16 years               
(n = 4487)1 
Age group Sodium (mg/d) Salt equivalent (g/d) 
2-3 years 1675 4.3 
4-8 years 2161 5.5 
9-13 years 2694 6.9 
12-16 years 3161 8.0 
1 (Department of Health and Ageing et al. 2008a).   
 
Figure 2.2 displays the salt intake of Australian children compared to salt intake 
recorded in nationally representative samples of children from the UK, USA, 
Canada and France.  In each survey dietary records were used to assess sodium 
intake.  Overall, salt intake increases with age and tends to be greater in boys than 
girls.  As salt intake is highly correlated to energy intake (Institute of Medicine 
2010) it is likely this trend in part reflects the concurrent increase in total energy 
consumed with increasing age and overall greater intake of food consumed by boys 
(Brown et al. 2009).  Salt intake varies across countries, the lowest intake was 
recorded in Australian 2-3 year olds, 4.3 g/d (1675 mg/d sodium), and the greatest 
intake recorded in Canadian males aged 14-16 years, 9.7 g/d (3816 mg/d) (Figure 
2.2).   
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Figure 2.2. Mean daily salt intake (g/d) assessed by dietary records in children and adolescents across five countries 
 
1 2007 ANCNPAS, salt intake accessed via 1 x 24-hr diet recall (Department of Health and Ageing et al. 2008a) 
2 2008/09-2009/10 UK National Diet and Nutrition Survey, salt intake accessed via a 4 day food diary (UK Department of Health 2011) 
3 2003/04-2005/06 US NHANES, salt intake accessed via 2 x 24-hr diet recall with statistical adjustments to determine usual intake (Institute of 
Medicine 2010) 
4 2004-2005 Canadian Community Health Survey & 2007 Canadian Total Diet Study, salt intake accessed via 1 x 24-hr dietary recall, along with 
a second 24-hr dietary recall completed within a sub-sample of participants to permit statistical adjustment to determine usual intake (Tanase et 
al. 2011) 
5 1998-1999 French National Food Consumption Survey, salt intake accessed via a 7-day food record (Meneton et al. 2009) 
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Due to differences in age and gender groupings it is somewhat difficult to make 
comparisons across countries, however, on the whole, UK children appear to be 
consuming the lowest amount of salt and US children appear to be consuming the 
most.  The variation in salt intake in children across these five countries may be 
reflective of the different time points of assessment and differences in dietary 
assessment methods (Figure 2.2, footnote).  Since 2006 the UK has been a global 
leader in reformulating food products to reduce the amount of salt added during 
manufacture (Wyness et al. 2011) and this may have contributed to the lower intakes 
of sodium reported within UK children.  Other countries, including the USA (New 
York City Department of Health and Mental Hygiene 2010) and Canada (Health 
Canada 2011) have only recently embarked on similar programs to reduce 
population salt intake.  Whilst dietary recall methods are frequently used in national 
nutrition surveys to assess sodium intake, as discussed above, there are a number of 
inaccuracies with this method.  Therefore to establish a reliable and accurate 
measure of sodium intake 24-hr urine collections are required (Institute of Medicine 
2010, World Health Organization 2010b).  
 
Recent data on dietary salt intake in children using the gold standard measure of 24-
hr urinary sodium excretion is scarce (Figure 2.3).  Of the studies which have 
utilised 24-hr urine collections to assess salt intake in children, the majority were 
completed during the 1980’s, primarily throughout Europe, and within relatively 
small samples (Brown et al. 2009).  With the exception of one very small study (n = 
12) completed in 1982 (Miles and Miles 1982) there has been no other attempt to 
objectively determine salt intake in Australian schoolchildren using the gold 
standard 24-hr urine collection.   
 
 
 
 
38 
Figure 2.3. Mean salt equivalent (g/d) accessed by 24-hr urinary sodium excretion in children by country1, 2 
 
1 Urinary sodium excretion (mmol/d) was assessed by 1 x 24-hr urine collection in all studies except the 1986 Chinese study.  In this study 
sodium intake was assessed using the average of three consecutive 24-hr urine collections.  Results have been converted to sodium intake (mg/d) 
using molar mass of sodium (1 mmol = 23 mg) 
2 Data source (Allison and Walker 1986, Brown et al. 2009, Miles and Miles 1982, Wu et al. 1991)
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2.3.2 Sources of salt in the diet 
In developed countries most (75%) dietary salt consumed comes from salt added to 
processed foods during manufacture, only approximately 15% comes from salt 
added at the table and during cooking (James et al. 1987).  In developed nations the 
major sources of salt in children’s diets are cereal products, including bread, 
breakfast cereals, meat products (including processed meats), milk products 
(including cheese).  Moderate sources of dietary salt include snack foods, 
condiments, soup, pastries and fast foods (Brown et al. 2009, Meneton et al. 2009, 
UK Department of Health 2011, Institute of Medicine 2010, Magriplis et al. 2011, 
Tanase et al. 2011).  In a previous study including middle aged Australian adults 
living in Victoria (n = 185), the main contributors of dietary salt were: breads and 
cereals (38%), meat products/dishes (17%), milk products/dishes (11%) and soy 
sauce/condiments (9%) (Margerison et al. 2004).  Similar findings have been 
reported in female adults (n = 76) living in NSW (Charlton et al. 2010).  Currently in 
Australia there are limited published data available on the sources of salt in the diets 
of children.  This information is required to inform behavioural and environmental 
strategies to target foods which contribute the most salt to children’s diets.   
 
2.3.3 Development of salt taste preference  
At birth infants have an innate preference for sweet solutions but are indifferent to 
the taste of salt (Beauchamp et al. 1986).  It is not until 4-6 months of age that the 
preference for salt develops and infants will ingest a greater volume of salty water 
over plain water (Beauchamp et al. 1986, Schwartz et al. 2009).  The preference for 
salt continues and by 12 months of age, of the five basic tastes; salt, sweet, bitter, 
sour and umami, salty is most preferred (Schwartz et al. 2009).  The change in salt 
preference over the first year of life is not yet well understood.  It has been 
suggested that the physiological maturation of the salt taste mechanism, combined 
with an increase in exposure to salty foods as infants are weaned may be responsible 
for the shift (Kare and Beauchamp 1985, Stein et al. 2012).     
 
There is some evidence from small studies to support the view that dietary exposure 
to salted foods during infancy influences salt taste preference (Harris and Booth 
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1987, Stein et al. 2012).  For example, Harris & Booth (1987) found that in 6 month 
old infants (n = 35) the preference for salted breakfast cereal compared to unsalted 
breakfast cereal correlated with previous exposure to high salt foods consumed in 
the week prior to taste testing (Harris and Booth 1987).  It appears that the 
development of a salt taste preference is dependent on the sensory experience with 
the salted food, as opposed to mere ingestion of sodium.  This was demonstrated in 
an experimental trial in adults where an increase in salt preference was recorded 
only in those subjects who increased daily salt intake by adding salt to food, whereas 
no change in preference was recorded in those subjects who increased daily salt 
intake through the ingestion of salt tablets (Bertino et al. 1986).  Furthermore, 
evidence suggests that the preference for salt is likely to be food specific and not 
generalized to all foods.  In 4-5 year old children (n = 39) whilst repeated exposure 
to a novel food, such as salty tofu, increased the preference for salty tofu over plain, 
the preference for salt did not remain when presented with new foods, such as ricotta 
(Sullivan and Birch 1990).  This study indicates a learned component within the 
sensory experience of children and that if children come to expect salted foods, 
which are commonly offered this expectation may track into adulthood.  
 
In a more recent prospective study by Stein and colleagues it was determined that 
early infant feeding practices had an effect on salt preference at 6 months of age 
(Stein et al. 2012).  In this study, infants (n = 61) were grouped according to the type 
of food mothers reported introducing into the diet during weaning, yes or no for 
introduction with starchy foods or fruit food.  At 2 and 6 months of age the 
difference in the infants’ preference for salted solution over plain water was 
compared between groups.  Consistent with previous work (Beauchamp et al. 1986, 
Schwartz et al. 2009), at 2 months of age all infants were indifferent to the salty 
solution over plain water.  However, by 6 months of age only those infants who had 
previously been exposed to starchy foods as reported by the mother showed a 
change in preference for the salty solution.  In comparison there was no effect of 
fruit food exposure on the age related change in salt preference.  Whilst no 
information on the salt content of starchy foods was available, such foods which 
include grain and cereal products tend to contain moderate levels of salt and 
contribute a significant source of salt to the infant diet.   
Literature Review 
 
41 
Children in their preschool years will choose highly salted soups over lower salted 
soups (Beauchamp and Cowart 1990).  Development of a preference for salty foods 
due to exposure is particularly concerning given the ubiquity of salt within the food 
supply (Cobcroft et al. 2008, He and MacGregor 2008).  Many foods marketed at 
children are sodium rich, for example breakfast cereals and processed cheese 
sticks/snacks (Australian Division of World Action on Salt and Health 2008b, Elliott 
2010).  Whether the preference for salt continues into adulthood is not clear (Mattes 
1997).  It has been noted that there is a similar increase in preference for salty foods 
in adults with exposure to salty foods (Bertino et al. 1986).  In adults it has also been 
demonstrated that over time, generally 2-3 months, sodium restriction in the diet will 
lead to a greater acceptance and liking of lower sodium foods (Bertino et al. 1982, 
Blais et al. 1986, Teow et al. 1985).   
 
In summary, exposure to salty foods during infancy and childhood may influence 
development of salt taste preferences.  Given that past studies have demonstrated the 
tracking of dietary patterns from childhood into adolescence (Kelder et al. 1994) and 
adulthood (Mikkila et al. 2004), early exposure to highly salted foods may increase 
the likelihood of these dietary patterns high in salt continuing into adulthood.  
Together these findings reinforce the importance of lowering salt intake and the 
exposure to salty foods during childhood.  
 
2.3.4 Recommendations to reduce salt within the food supply 
An individual has limited control over their own daily salt intake as the majority of 
dietary salt is derived from salt added ubiquitously to processed foods (He and 
MacGregor 2008).  To achieve substantial reductions in population salt intake the 
amount of salt added to food during the manufacturing process needs to be reduced 
(He and MacGregor 2008, Institute of Medicine 2010, World Health Organization 
2007).  To encourage food manufactures to reduce the amount of salt added to food 
products a number of countries have developed salt reduction targets, specifying the 
amount of salt permitted in different types of foods (Webster et al. 2011).  At the 
forefront of this movement is the UK.  In 2006, the UK Food Standards Agency 
(FSA) released a comprehensive list of voluntary salt reduction targets for 85 food 
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products that contribute a significant amount of salt to the diet (Food Standards 
Agency 2006).  These targets were developed to encourage food manufacturers to 
reduce salt levels in a range of processed foods to aid in the progression towards 
reducing population salt intake to 6 grams per day (Food Standards Agency 2006). 
The FSA salt reduction targets have been successful in reducing the salt content by 
up to 70% in some food products (Wyness et al. 2011) and reducing daily salt 
consumption in adults by 15% from 2000/01 to 2011 (i.e. 9.5 g/d to 8.1 g/d), as 
determined from 24-hr urinary sodium excretion (Sadler et al. 2012)..   
 
The success of the FSA’s salt reduction targets has provided impetus for other 
countries to follow and utilize the FSA framework as a model in developing their 
own comprehensive set of country specific salt reduction food targets (Health 
Canada 2011, New York City Department of Health and Mental Hygiene 2010, 
Webster et al. 2011).  In Australia in 2009, the Government led Food and Health 
Dialogue was formed to coordinate work with the food industry to voluntarily 
reduce salt levels in Australian food products (Food and Health Dialogue 2012).  
Since 2009, the Food and Health Dialogue have set salt reduction targets for only six 
food categories (bread, breakfast cereal, simmer sauces, soup, processed meats, 
savoury pies) (Food and Health Dialogue 2012) (Appendix A).  Given the predicted 
benefits of population salt reduction on CVD, lowering the salt added to food 
products is an extremely cost-effective public health initiative and should be 
prioritized at the national level (Institute of Medicine 2010).   
 
2.4 Study rationale 
With comparison to dietary recommendations the most recent data from the 2007 
ANCNPAS indicates that dietary salt intake in Australian children is excessively 
high (Department of Health and Ageing 2010, National Health and Medical 
Research Council 2006).  As this measurement did not include salt added during 
cooking and at the table, it is likely to be an underestimate of total salt intake.  To 
protect future cardiovascular health, efforts to reduce salt intake in children are 
required.  Currently in Australian children, the influence of SES on salt intake is 
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unknown; there is no objective measure of salt intake and no information relating to 
the dietary sources of salt.  Understanding salt intake and the sources of salt in the 
diets of Australian children is necessary to adequately inform salt reduction 
strategies.  
 
Emerging evidence suggests that a high salt diet may be linked to greater 
consumption of SSBs in children and in turn increase the risk of obesity.  As 
overweight and obesity track into adulthood, where it presents a large burden to 
public health, further research is warranted to understand the association between 
salt intake and SSB consumption in other paediatric populations.  This data may be 
useful in the development of interventions that seek to reduce the prevalence of 
childhood obesity.  In summary, the lack of reliable data on salt intake in Australian 
children, along with limited data exploring the novel hypothesis linking dietary salt 
to childhood obesity formed the rationale for the work contained within this thesis.   
 
2.5 Overall thesis aims 
The overall aims of this thesis were to assess dietary salt intake in Australian 
children; to examine potential avenues to reduce salt intake in Australian children; 
and to investigate the association between salt intake, total fluid and SSB 
consumption, and obesity risk in two paediatric populations, Australia and the USA. 
Specifically this thesis aims to: 
1. Objectively determine total dietary salt intake, using 24-hr urinary sodium 
excretion as a marker of intake, in a sample of Victorian primary 
schoolchildren; 
2. Determine the dietary sources of salt and frequency of discretionary salt use 
in a nationally representative sample of Australian children and adolescents 
aged 2-16 years; 
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3. Assess the impact of salt reduction targets for Australian food products on 
salt intake in a nationally representative sample of Australian children and 
adolescents aged 2-16 years; 
4. Assess the association between SES and salt intake, and identify the major 
sources of salt intake by SES group in a nationally representative sample of 
Australian children and adolescents aged 2-16 years; 
5. Examine the association between dietary salt intake, total fluid and SSB 
consumption; and SSB consumption and obesity risk in a nationally 
representative sample of Australian children and adolescents aged 2-16 
years; 
6. Examine the association between dietary salt intake and total fluid and SSB 
consumption in a nationally representative sample of US children and 
adolescents aged 2-18 years. 
 
Note: Ninety-five percent of sodium consumed is in the form of sodium chloride, 
commonly referred to as salt.  In the five research studies included in this thesis, in 
most instances results for both sodium and the salt equivalent are included.  
However, with consideration to the measurement tool used in each study (i.e. food 
composition database recorded in sodium (mg), 24-hr urinary sodium excretion 
recorded in sodium (mmol), there are some differences between study chapters 
relating to the unit of measure for the reporting of sodium/salt.  The conversion 
factors for sodium to salt use throughout this thesis are:  
1 mmol sodium = 23 mg sodium 
1 gram of salt (sodium chloride) = 390 mg of sodium (National Health and Medical 
Research Council 2006) 
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Chapter Three 
3. Methods used to analyse the 2007 Australian 
National Children’s Nutrition and Physical 
Activity Survey 
3.1 Introduction 
Studies two, three and four (Chapter five, six, seven) within this thesis utilise data 
from the 2007 Australian National Children’s Nutrition and Physical Activity 
Survey (ANCNPAS).  A description of the methodology used to analyse the 2007 
ANCNPAS is provided in this chapter.  Additional methodologies specific to each 
individual study are presented in each corresponding study chapter.  Study one and 
Study five presented within this thesis are based on data from the Salt and Other 
Nutrient Intakes in Children (SONIC) Study and the 2005-2008 US National Health 
and Nutrition Examination Survey (NHANES).  The methodology employed in each 
of these studies is presented within the respective study chapter.  
 
3.1.1 Study design 
The 2007 ANCNPAS was a cross-sectional survey designed to collect demographic, 
dietary, anthropometric and physical activity data from a nationally representative 
sample of children and adolescents aged 2-16 years.  The full details of the 
methodology used in the ANCNPAS have previously been reported (Department of 
Health and Ageing 2010).  Below is a brief overview of the methodology relevant to 
the analyses contained within this thesis.   
 
3.1.2 Subjects 
Participants were recruited using a multistage quota sampling framework.  The 
primary sampling unit was postcode and clusters of postcodes were randomly 
selected as stratified by state/territory and by capital city statistical division or rest of 
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state/territory.  As the survey was not designed to provide representative data from 
Indigenous children, postcodes that were largely indigenous populated areas were 
excluded.  For logistical reasons very remote areas and areas identified from Census 
data as having very few children were excluded.  Randomly selected clusters of 
postcodes ensured an equal number of participants in each age group, from each of 
the metro and non-metro areas within each state.  The number of children included 
from each state was proportional to the population of children in that state.  Within 
selected postcodes Random Digit Dialling (RDD) was used to invite eligible 
households, i.e. those with children aged 2-16 years, to participate in the study.  Of 
the 16, 598 eligible households that were invited to participate 10, 109 agreed to 
take part in the study (response rate 61%).   
 
Only one child from each household could participate in the study.  The initial target 
quota was 1000 participants for each of the following age groups; 2-3, 4-8, 9-13 and 
14-16 years (50% boys and 50% girls), to which a 400 booster sample was later 
provided by the state of South Australia to provide more detailed estimates for that 
state.  In some instances if the gender and age quota had already been filled the 
recruitment of the study child did not proceed.  In the case of households with more 
than one child aged 2-16 years a Kish method was used to select the study child 
(Department of Health and Ageing 2010).   
 
The number of children required in the quota sample for each age group was not 
proportional to the number of children in each age group in the Australian 
population.  As such, in each household 2-3 year olds and 14-16 year olds had a 
greater chance of being selected than 4-13 year olds.  To help overcome this, the 
Kish Table was biased to select children in the following order 14-16 year olds, then 
2-3 year olds, then 4-13 year olds.  Despite this method in place, there was still a 
skew towards recruiting participants within the 4-13 year old group.  This meant a 
number of children in the age group who had agreed to participate were not 
interviewed as the quota of children in their cohort had been completed.  Due to the 
non-proportionate nature of the sampling framework each participant was assigned a 
population weighting which weighted for age, gender and region.  The final 
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response rate for completed CAPI and CATI was 40%.  Further information on 
response rate at each stage of recruitment of the survey (i.e. initial invite, CAPI and 
CATI) can be found on page 40 of the 2007 ANCNPAS User Guide (Department of 
Health and Ageing 2010).  No demographic information was collected on 
participants who refused to participate or who were excluded due to the quota 
system.  Therefore it is not possible to estimate any potential non-response bias.  
The study was approved by the National Health & Medical Research Council 
(NH&MRC) registered Ethics Committees of Commonwealth Scientific and 
Industrial Research Organisation (CSIRO) and the University of South Australia. 
All participants provided written consent or, in the case where the child was aged 
<14 years consent was provided by the primary caregiver.   
 
3.1.3 Data collection 
Data was collected at two time points, between February and August 2007.  The first 
consisted of a face-to-face computer assisted personal interview (CAPI) completed 
in the home of the study participant.  This was followed by a computer assisted 
telephone interview (CATI) conducted 7-21 days after the CAPI.  During the CAPI 
dietary intake was assessed using a 24-hr dietary recall and a food habits 
questionnaire.  In addition demographic information for the study child and primary 
care giver was collected, anthropometry measures were completed and physical 
activity was assessed.  A second 24-hr dietary recall was completed at the CATI 
interview.  The number of days of dietary data utilised varies between studies in this 
thesis and the rationale describing the approach is included in each individual study 
chapter.  A total of 4487 children completed all components of the survey. 
 
3.1.4 Dietary intake 
A three-pass 24-hr dietary recall was used to determine all food and beverages 
consumed from midnight to midnight on the day prior to the interview.  The three 
pass method includes the following stages i) provide a quick list of all foods and 
beverages ii) a series of probe questions relevant to each quick list item to gather 
more detailed information on time and place of consumption, any additions to the 
food item, portion size and brand name iii) finally, a recall review to validate 
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information and make any necessary adjustments.  Portion sizes were estimated 
using a validated food model booklet and standard household measures.  The food 
model booklet remained with participants for use at the follow up 24-hr dietary 
recall during the CATI.  To minimise error after data collection all interviews were 
reviewed by study dietitians to assess for unrealistic portion sizes and fluid intake, 
inadequate detail and typing errors.   
 
Sodium intake, along with other nutrients, was calculated using the Australian 
nutrient composition database AUSNUT 2007, specifically developed by Food 
Standards Australia and New Zealand (FSANZ) for the ANCNPAS (Food Standards 
Australian and New Zealand 2009).  Each food and beverage item recorded was 
matched to an 8-digit food code, which corresponded to a set of nutrient data.  Each 
8-digit food code was derived from a 5-digit food code that represented ‘minor’ food 
categories.  Each minor food category falls under a 3-digit sub-major food category, 
which then falls within a 2-digit major food category.  A detailed list of the food 
group classification system taken from the ANCNPAS user guide is included in 
Appendix B (Department of Health and Ageing 2010).   
 
In addition participants completed a food habits questionnaire, which included two 
questions relating to discretionary salt use: “Does the person who prepares your 
meal add salt when they are cooking?” and “Do you add salt to your meal at the 
table?”  Participants could respond yes, usually; yes, sometimes, no, or I don’t 
know.  In this thesis participants who responded “I don’t know” to either of these 
questions were excluded from the analyses relating to discretionary salt use (n = 6).  
Both the 24-hr dietary recall and food habits questionnaire were conducted with the 
primary caregiver of participants aged 8 years and under, and with the study child in 
those participants aged 9 years and over.  The primary caregiver was encouraged to 
be present for all interviews.  In the case where children aged 8 years and under 
were away from the home a ‘caregiver form’ was provided to the alternative 
caregiver to record dietary intake over the recall period.  This information was added 
to the dietary recall during the interview. 
Methods used to analyse 2007 ANCNPAS
 
49 
3.1.5 Conversion of sodium (mg) to salt equivalent (g) 
Daily sodium (mg) intake was converted to the salt equivalent (g) using the 
conversion 1 gram of sodium chloride (salt) = 390 mg sodium (National Health and 
Medical Research Council 2006).  Reported salt intake does not include salt added at 
the table or during cooking.   
 
3.1.6 Assessment of reporting error 
Under-reporting 
The Goldberg cut-off method is commonly used in dietary studies to identify 
participants whose reported energy intake is insufficient to meet energy 
requirements needed for survival (under-reporter) (Livingstone and Black 2003).  
The method compares the ratio of energy intake (EI) over estimated basal metabolic 
rate (estBMR) to a specific cut-point, developed by Goldberg (Goldberg et al. 1991).  
The Goldberg method can be used to assess the extent of under-reporting in two 
ways i) at the group level or ii) at the individual level (Gibson 2005).  The group 
level approach determines the extent of an overall underreporting bias and indicates 
whether it is mild or severe.  No individual participants can be identified and 
excluded using this approach.  The individual level approach identifies individual 
participants as under-reporters and therefore has the capacity to exclude these 
participants from the analysis.  In selecting the appropriate method, the aims of each 
study and potential bias of under-reporting on results were considered.   
 
Under-reporting assessment at the group level (Study two & Study three) 
To assess the validity of reported EI at the group level, the EI:estBMR ratio was 
calculated for each age group, using Schofield equations (Schofield 1985), and 
compared to the appropriate Goldberg cut-off (1.52) (Gibson 2005, Goldberg et al. 
1991).  At the group level the calculated EI:estBMR was 1.67, 1.77, 1.55 and 1.49 in 
2-3, 4-8, 9-13 and 14-16 year olds, respectively.  This indicates a small degree of 
under-reporting at the group level in 14-16 year old participants.  With consideration 
to the aims of Study two and Study three and the minor bias of under-reporting 
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detected, it is unlikely this would have affected the results, therefore no participants 
were excluded from these analyses.   
 
In dietary studies under-reporting is more likely to occur with increased body fatness 
(Margarey et al. 2011, Thompson and Subar 2008).  Hence, in studies assessing 
adiposity outcomes, measures should be taken to identify and exclude under-
reporters.  As Study four includes overweight and obesity as an outcome measure, 
and some under-reporting was detected at the group level within adolescents, to help 
minimise bias from unreliable data due to under-reporting this study utilised the 
individual level Goldberg approach to identify and exclude under reporters.   
 
Under-reporting at the individual level (Study four) 
To apply this method the estBMR was calculated for each participant (Schofield 
1985).  The ratio of each participants reported EI to estBMR (EI:estBMR), was then 
compared to the published Goldberg cut-off value. (Gibson 2005, Goldberg et al. 
1991)  A participant with an EI:estBMR below the <0.90 cut-point was deemed to 
be an under-reporter (Gibson 2005).  On this basis 204 participants (4.5%) were 
classified as under-reporters and excluded from the analysis.  In a sensitivity 
analysis, no under-reporters were excluded when examining the association between 
SSB consumption and weight status (see Chapter Seven). 
 
Over-reporting 
Those participants whose energy intake exceeded three standard deviations from the 
mean energy intake for their age group were defined as over-reporters.  On average 
only 1% of participants were classified as over-reporters.  Due to the large variation 
in growth and energy demands in children and adolescents no participants were 
excluded on the basis of over-reporting in any of the three studies.  
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3.1.7 Anthropometry 
Participant body weight and height were measured using standardised protocols 
(Marfell-Jones et al. 2006).  A minimum of two measurements were taken for each 
anthropometric measurement.  If the two measurements were not within 5 mm for 
height or 0.1 kg for weight, a third measurement was taken.  The mean value was 
used as the final score if two measurements were taken.  The median value was used 
as the final measure if three measurements were taken.  Body mass index (BMI) was 
calculated as body weight (kg) divided by the square of body height (m2).  
Participants were grouped into weight categories (very underweight, underweight, 
healthy weight, overweight, obese) using the International Obesity Task Force BMI 
reference cut-offs for children (Cole 2000, Cole et al. 2007).   
 
3.1.8 Socioeconomic status 
The highest level of education attained by the primary caregiver was used as a 
marker for socioeconomic status (SES).  Based on this participants were grouped 
into one of three categories of education attainment; i) high: includes those with a 
university/tertiary qualification ii) mid: includes those with an advanced diploma, 
diploma or certificate III/IV or trade certificate iii) low: includes those with some or 
no level of high school education.   
 
3.1.9 Sensitivity analysis: 
Note in Study four (Chapter six) and Study five (Chapter eight) sensitivity analysis 
was used to test the robustness of the results of regression models.  Regression 
models were compared by assessing the similarities between the beta-coefficient or 
odds ratio and corresponding 95% confidence intervals for regression models 
estimated using different data sets (e.g. differing number of days of dietary data or 
different numbers of subjects included and excluded on the basis of different sets of 
inclusion criteria).  
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Chapter Four 
4. Study One: 
24-hr urine collection as an objective measure of salt intake in Victorian 
schoolchildren aged 5-13 years1 
4.1 Introduction 
The most objective indicator of salt intake is the measurement of 24-hr urinary 
sodium, as approximately 95% of dietary salt consumed is excreted in the urine 
(Bates et al. 1997).  Within the context of population salt reduction initiatives, which 
are increasingly being implemented worldwide (Webster et al. 2011), the World 
Health Organization (WHO) emphasises the importance of monitoring population 
salt intake and recommends where possible, this be undertaken using 24-hr urine 
collections (World Health Organization 2010b).  However, perhaps in part due to the 
high participant burden and logistical difficulties in collecting complete 24-hr 
urines, in particular with children, an accurate measure of salt intake using 24-hr 
urinary sodium excretion in Australian children had not previously been undertaken.  
In Australia only one small study (n = 12) in the 1980’s used 24-hr urinary sodium 
as a marker for salt intake in preschool aged children (Miles and Miles 1982).  In 
this study the average sodium intake was 67 mmol/d (salt equivalent 3.9 g/d) (Miles 
and Miles 1982).  One other Australian study in adolescents aged 11-14 years (n = 
100), reported a 24-hr urinary sodium excretion of 160 mmol/d (salt equivalent 9.4 
g/d), however this was predicted by a morning spot urine rather than 24-hr urine 
collection (Howe et al. 1991).   
 
4.1.1 Aims 
The aim of the present study was to objectively measure total daily salt intake using 
24-hr urinary sodium excretion in a sample of Victorian schoolchildren aged 5-13 
                                                 
1 The manuscript arising from this chapter can be found in Public Health Nutrition.  Grimes et al. 
2012, ‘Dietary salt intake assessed by 24 h urinary sodium excretion in Australian schoolchildren 
aged 5-13 years’, Public Health Nutr, Aug 16:1-7.  
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years.  In addition discretionary salt use habits of children and parents were 
assessed.  
4.2 Methods 
4.2.1 Sample size 
According to the WHO, to estimate dietary salt intake with a 95% confidence 
interval about the mean of consumption of +/- 0.71 g/d, a single 24-hr urine 
collection from a sample of 100-200 subjects is required (World Health 
Organization 2007).  Allowing for a 20% loss due to drop out and incomplete urine 
samples, the target sample size was therefore n = 240. 
 
4.2.2 Recruitment strategy  
Independent privately funded schools located in Victoria were targeted for 
recruitment.  To maximize recruitment, the study was open to all children enrolled at 
the participating primary school.  In some instances, the school principal did not 
think it was appropriate for very young children to participate in the study.  
Therefore, with respect to the requests of individual schools, the grades invited to 
participate varied across schools (Appendix C). 
 
4.2.3 Subjects 
Subjects included primary schoolchildren aged 5-13 years attending independently 
funded schools located within Victoria, Australia.  Primary school aged children 
were targeted, as opposed to adolescents in high school, as findings from the 2007 
ANCNPAS revealed younger children had particularly high sodium intakes 
compared to dietary recommendations (Appendix D).  The final age range was 
reflective of the age of children attending Victorian primary schools.  A web-based 
school locater search engine was used to identify all those independent Victorian 
schools with enrolments of primary school children (n = 193) (Independent Schools 
Victoria Inc. 2009).  A convenience sample of schools was selected from the listing, 
and principals were contacted via an official letter of invitation and a phone call, 
inviting school participation in the study.  In total 104 schools were invited, of 
which 9 agreed to participate in the study (response rate = 9%).  A short 
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presentation, outlining the purpose of the study, was presented to students at the 
school assembly, after which students were provided with written materials, 
addressed to parents, inviting them to take part in the study.  Of the potential 1464 
students, 269 agreed to participate (response rate = 18%), nine of these children later 
dropped out of the study.  Reasons for attrition included; no longer interested in 
participating (n = 3) being either absent on the day of data collection (n = 5) or no 
longer attending the school (n = 1).  Written consent was obtained from the child, as 
well as the child’s parent/caretaker.  The study was approved by the Deakin 
University Human Research Ethics Committee.  Written informed consent was 
obtained from all subjects and their guardian.  
 
4.2.4 Data collection 
Data was collected at participating schools across two time blocks, June–December 
2010 and May-June 2011.  A team of research assistants visited participating 
schools to support children to complete the 24-hr urine collection and to collect 
anthropometry.  
 
4.2.5 Demographic characteristics and discretionary salt use habits 
The parent of each child completed a health information questionnaire.  The 
questionnaire collected information on the child’s age, gender, birth weight, existing 
medical conditions and use of medications or dietary supplements.  In addition three 
questions assessed discretionary salt use habits, two of which applied to the parent’s 
use of salt “Q1 Do you add salt during cooking?” (used previously in 2007 
ANCNPAS (Department of Health and Ageing 2010) and “Q2 Do you place a salt 
shaker on your table at meal times?” and one question that related to the child’s own 
use of salt at meal times “Q3 Does your child add salt to their meal at the table or 
sandwich preparation?”  For each of these questions parents could respond “yes 
usually”, “yes sometimes”, “no” or “don’t know”.  At school on the day of data 
collection, the study child was also questioned about their own use of table salt.  
Children were asked “Do you add salt to your meal at the table?” (used previously in 
2007 ANCNPAS (Department of Health and Ageing 2010) to which they could 
respond “yes, usually”, “yes, sometimes” or “no”.   
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4.2.6 24-hr urine collection and laboratory analysis 
Collection Protocol 
Participants could commence the 24-hr urine collection either at school or at home 
over the weekend.  Written instructions, tailored for either a school or weekend day 
collection, were provided for parents, and simplified pictorial instructions were 
provided for children.  All children were instructed to commence the collection by 
emptying their bladder, discarding this urine and noting this as the 24-hr collection 
start time.  During the 24 hours following this all urine voided was collected.  
Children finished the collection with a final void at the corresponding 24-hr finish 
time.  Urine was collected in 2.5 L wide-rimmed mouthed polypropylene bottles.  
To assist with urine collection an additional 500 mL plastic handled jug was 
provided.     
 
School day collections commenced at the start of school (i.e. 8.30–9.30 am) and at 
the end of the school day (i.e. 3.00–3.30 pm) children collected their materials to 
continue the collection at home.  On the following school day, at the commencement 
of school, children returned to research staff and finished the collection by providing 
a final void.  Children completing the collection on a weekend day were able to 
commence the urine collection at any suitable 24-hr period over the weekend, 
parents recorded start and finish times on a urine collection slip and children were 
instructed to return completed samples to research staff at school on the following 
Monday morning.   
 
Urinalyses 
Urinary sodium concentration was assessed using indirect ion selective electrodes 
and urinary creatinine concentration was assessed using the Jaffe reaction (Jaffe 
1886) on the Siemens Advia 2400 analyser (Dorevitch Pathology, Melbourne, Vic, 
NATA (National Association of Testing Authorities) and RCPA (Royal College of 
Pathologists of Australia), accredited pathology laboratory).  Of the 260 children 
that commenced the 24-hr urine collection three samples were not returned.  
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Collections were considered incomplete and excluded (n = 15) if urinary creatinine 
excretion was less than 0.1 mmol/Kg body weight/d (Remer et al. 2002), and 
samples were considered to be an over-collection and excluded if urinary creatinine 
(mmol/Kg body weight/d) (Remer et al. 2002) and total volume exceeded the age 
and gender specific 95th percentile (n = 1).   
 
4.2.7 Anthropometry 
Height and body weight were measured in participants wearing light clothing, with 
shoes removed (Marfell-Jones et al. 2006).  A calibrated portable stadiometer SECA 
(mod 220) (Hamburg, Germany) was used to measure height to the nearest 0.1 cm 
and calibrated Scaleman FS-127-BRW portable electronic scales (Bradman, MA, 
USA) were used to measure weight to the nearest 0.1 Kg.  A minimum of two 
measurements were taken for each anthropometric measurement.  If the two 
measurements were not within 5 mm for height or 0.1 kg for weight, a third 
measurement was taken.  The mean value was used as the final score if two 
measurements were taken.  The median value was used as the final measure if three 
measurements were taken.  Body mass index (BMI) was calculated as body weight 
(kg) divided by the square of body height (m2).  Participants were grouped into 
weight categories (very underweight, underweight, healthy weight, overweight, 
obese) using the age and gender specific International Obesity Task Force BMI 
reference cut-offs for children (Cole 2000, Cole et al. 2007).   
 
4.2.8 Statistical analysis 
All statistical analyses were completed using STATA/SE 11 (StataCorp, College 
Station, Texas, USA).  A P-value of <0.05 was considered significant.  Descriptive 
results are presented as the mean (SD) or number (%) where appropriate.  The 
distribution of continuous variables was checked for normality using the 
Kolmogorov-Smirnov test and visual inspection of histograms all continuous 
variables, urinary sodium excretion (mmol/24-hr), age (years), weight (Kg), height 
(m) and BMI (Kg/m2).  All continuous variables were normally distributed.  To 
compare the difference in mean values of continuous variables an independent t-test 
was used.  To compare differences in proportions between categorical variables, a 
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Pearson chi-squared test (χ2) test was used.  Pearson correlation coefficient was used 
to assess the association between 24-hr sodium excretion and BMI.  The results for 
24-hr urinary sodium excretion data are presented as mmol/24-hr as well as the salt 
equivalent.  To calculate the salt equivalent (g/d), daily sodium was converted from 
mmol to mg, using the molar mass of sodium 23 mg/mmol and then multiplied by 
2.56.  To assess the association between urinary sodium excretion and type of day 
the collection was completed on (i.e. weekend or holiday vs. school day); linear 
regression was used to allow for the adjustment for age, gender and BMI.  Results 
are stratified by gender, as well as age group (5-8 years and 9-13 years), according 
to National Health and Medical Research Council age specific dietary 
recommendations (National Health and Medical Research Council 2006).   
 
4.3 Results 
Basic characteristics of the 238 children with complete 24-hr urine collections are 
described in Table 4.1.  Sixteen children (6%) were deemed to have inaccurate urine 
collections, 15 were under-collected and 1 was over-collected.  These children did 
not differ from those children with complete urine collections by age or gender 
(Appendix E).  Three samples were not returned and three were not available due to 
laboratory error in processing samples. The average age of participants was 9.8 (SD 
1.7) years; gender was evenly distributed within the whole sample (50.4% boys and 
49.6% girls), as well within each of the age cohorts (i.e. 4-8 years, 9-13 years).  Two 
thirds (66%) of children completed the 24-hr urine collection on a weekend day.   
 
The average 24-hr urinary sodium excretion was 103 (SD 43) mmol/24 hr, range 13-
310 mmol/24-hr (salt equivalent 6.0 (SD 2.5) g/d, range 0.8-18.1 g/d).  There was a 
weak highly significant positive correlation between 24-hr sodium excretion and 
BMI (r = 0.23, P = 0.003) (Figure 4.1).  Daily sodium excretion did not differ by 
gender (Table 4.1).  When stratified by age group, daily sodium excretion was 
significantly greater in older children, 107 (SD 45) mmol/24-hr (salt 6.3 (SD 2.6) 
g/d) in 9-13 year olds vs. 94 (SD 39) mmol/24-hr (salt 5.5 (SD 2.3) g/d) in 5-8 year 
olds (P = 0.03).   
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Table 4.1. Demographic characteristics, anthropometry and 24-hr urinary sodium excretion of Victorian schoolchildren aged 5-13 years 
by sex (n = 238) 
Measure Total (n = 238) Boys (n = 120) Girls (n = 118) P-value3 
 Mean or n SD or % Mean or n SD or % Mean or n SD or %  
Age (years)1 9.8 1.7 9.8 1.7 9.9 1.7 0.97 
Age group2        
   5-8 years 83 35% 42 35% 41 35% 0.97 
   9-13 years 155 65% 78 65% 77 65%  
Weight (kg)1 35.4 8.9 35.2 9.1 35.6 8.6 0.72 
Height (cm)1 140.6 11.3 140.7 11.8 140.5 11.0 0.87 
BMI (kg/m2)1 17.7 2.4 17.6 2.3 17.8 2.4 0.47 
Weight classification2, 4        
   Healthy weight 197 82.8% 103 85.8% 94 79.7% 0.63 
   Overweight 30 12.6% 12 10.0% 18 15.3%  
   Obese 4 1.7% 2 1.7% 2 1.7%  
   Underweight 7 2.9% 3 2.5% 4 3.4%  
Day type of urine collection2        
   School day 80 34% 46  38% 34 29% 0.12 
   Weekend day/public holiday 158 66% 74 62% 84 71%  
Urinary Na excretion (mmol/24-hr) 103 43 105 46 100 41 0.38 
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Salt equivalent (g/d) 6.0 2.5 6.1 2.7 5.9 2.4  
Urinary creatinine excretion 
(mmol/24-hr) 
6.0 2.1 6.1 2.1 5.8 2.1 0.23 
1mean (SD) 
2n (%) 
3P-values determined using independent t-test or χ2 
4 Weight classification based on the International Obesity Task Force BMI reference cut-offs (Cole 2000, Cole et al. 2007).   
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Figure 4.1 Relationship between sodium intake (mmol/d) and body mass index 
in Victorian school children aged 5-13 years (n = 238) 
 
 
 
Sixty nine percent (n = 164) of children exceeded the age specific recommended 
daily Upper Limit for sodium intake (UL: 4-8 years=60 mmol/d; 9-13 years=86 
mmol/d).  Five to eight year old children were more likely to exceed the daily Upper 
Limit (χ2 = 5.3, P = 0.02) (Figure 4.2).  In both age cohorts the range of sodium 
intake was large, with maximum values of 262 mmol/24-hr (salt 15.3 g/d) and 310 
mmol/24-hr (salt 18.1 g/d) in 5-8 year olds and 9-13 year olds, respectively (Figure 
4.2).   
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Figure 4.2. Daily sodium intake (mmol/d) of Victorian schoolchildren compared 
to Australian dietary recommendations by age group (n = 238)1 
 
1 Upper Limit: 4-8 yr=60 mmol/d; 9-13 yr=86 mmol/d (National Health and Medical 
Research Council 2006) 
 
Including all children daily sodium excretion was significantly greater on non-
school days 110 (SD 45) mmol/24-hr (salt 6.4 (SD 2.6) g/d), compared to schools 
days 89 (SD 37) mmol/24-hr (salt 5.2 (SD 2.1) g/d) (P = 0.001).  After adjustment 
for age, gender and BMI, sodium excretion was 22 (SEM 6) mmol/24-hr (salt 1.3 
(SEM 0.2) g/d) greater on a non-school day compared to a school day collection    
(P <0.001).  
 
Discretionary salt use habits of participants and their parents/caretakers are 
described in Figure 4.3.  Two thirds of parents/caretakers reported adding salt during 
cooking either usually or sometimes and approximately one third reported placing a 
salt shaker on the table at meal times either usually or sometimes.  Thirty seven 
percent of parents reported that their child adds salt at the table either usually or 
sometimes.  However, when children were asked to self-report on their own salt use 
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at the table the proportion was greater, with 47% reporting adding salt at the table 
usually or sometimes.  There was no association between the child’s gender or age 
group and any of the four discretionary salt use habits (Table 4.2).  Furthermore, for 
each of the four discretionary salt use habits there was no difference in mean 24-hr 
urinary sodium excretion between those children who added salt usually or 
sometimes and those children who did not add salt (Table 4.3). 
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Figure 4.3. Discretionary salt use habits of Victorian schoolchildren and their parents 
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Table 4.2. The association between discretionary salt use and demographic characteristics of Victorian schoolchildren aged 5-13 years 
Discretionary salt use behaviour Gender P-value 1 Age group P-value 1 
 Boys 
n (%) 
Girls 
n (%) 
 5-8 years 
n (%) 
9-13 years 
n (%) 
 
Parent: Do you add salt during cooking (n=236)       
   Yes, usually or sometimes 81 (68%) 76 (65%) 0.61 54 (66%) 103 (67%) 0.87 
   No 38 (32%) 41 (35%)  28 (34%) 51 (33%)  
Parent: Do you place a salt shaker on your table 
during meal times? (n=233) 
      
   Yes, usually or sometimes 45 (38%) 44 (39%) 0.90 26 (32%) 63 (41%) 0.16 
   No 74 (62%) 70 (61%)  55 (68%) 89 (59%)  
Parent: Does your child add salt at the table? 
(n=236) 
      
   Yes, usually or sometimes 40 (34%) 46 (39%) 0.36 27 (33%) 55 (38%) 0.41 
   No 79 (66%) 71 (61%)  59 (67%) 95 (62%)  
Child: Do you add salt to your meal at the table? 
(n=233) 
      
   Yes, usually or sometimes 59 (50%) 49 (43%) 0.25 38 (48%) 41 (46%) 0.70 
   No 59 (50%) 66 (57%)  70 (52%) 84 (54%)  
1P-values determined using χ2 
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Table 4.3. The association between discretionary salt use behaviours and 24-hr 
urinary sodium excretion (mmol/d) in Victorian schoolchildren aged 5-13 years 
Discretionary salt use behaviour Frequency  
n (%) 
Sodium 
mean (SD) 
P-value1 
Parent: Do you add salt during cooking 
(n=236) 
   
   Yes, usually or sometimes 157 (67%) 102 (46%) 0.76 
   No 79 (33%) 104 (39%)  
Parent: Do you place a salt shaker on 
your table during meal times? (n=233) 
   
   Yes, usually or sometimes 89 (38%) 107 (49%) 0.24 
   No 144 (62%) 100 (40%)  
Parent: Does your child add salt at the 
table? (n=236) 
   
   Yes, usually or sometimes 86 (37%) 101 (49%) 0.70 
   No 150 (64%) 104 (40%)  
Child: Do you add salt to your meal at 
the table? (n=233) 
   
   Yes, usually or sometimes 108 (46%) 106 (47%) 0.39 
   No 125 (54%) 101 (40%)  
1P-values determined using independent t-test or χ2 
 
4.4 Discussion 
This is the first Australian study to use 24-hr urinary sodium excretion as a marker 
to assess salt intake in children aged 5-13 years. Within this sample, over two thirds 
of children exceed the recommended daily Upper Limit with an average salt intake 
of 6.0 g/d (sodium 103 mmol/d).  These data are comparable to findings from 
similar small studies completed in young European (Alexy et al. 2012, Knuiman et 
al. 1988, Schreuder et al. 2006) and US (Connor et al. 1984) children where sodium 
excretion was approximately 100 mmol/d.  In contrast to previous studies (Brown et 
al. 2009), which have reported higher salt intake in boys, we did not find any gender 
differences in salt intake.  This may be due to the relatively modest sample size.   
 
The salt intakes calculated from the 24-hr urine collections (5.5 g/d in 5-8 years; 6.3 
g/d in 9-13 years) are similar to the most recent national estimates of salt intake in 
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Australian children (5.5 g/d in 4-8 years; 6.7 g/d in 9-13 years) which were based on 
24-hr dietary recall (Department of Health and Ageing et al. 2008a).  Compared to 
national estimates, it would be expected that salt intake as measured by 24-hr urine 
collection, which includes salt added at the table and during cooking, would be 
greater.  However, this is not the case in 9-13 year olds and is likely as result of the 
differences in sampling framework (convenience sample vs. nationally 
representative survey), sample size (n = 238 vs. n = 1000).  Furthermore, as study 
participants were recruited from privately funded schools they are likely to represent 
the most socioeconomically advantaged population groups and not be representative 
of the general population.  This is indicated by the lower prevalence of overweight 
and obesity in this study (14%) compared to national estimates which indicate 25% 
of 2-16 year olds are overweight or obese (Department of Health and Ageing et al. 
2008a).  National data in Australian children indicate that salt intake is greater in 
those of lower socioeconomic backgrounds (see Study three, Chapter six) (Grimes et 
al. 2013).  A weak highly significant positive correlation was found between 24-hr 
sodium excretion and BMI.  However, due to the large inter-individual variation in 
24-hr urinary sodium excretion (Cooper et al. 1980) and the effects of regression 
dilution bias (Langseth 1996), it is likely this is an underestimation of the true 
strength of the association.  
 
This study found the addition of salt to food during cooking and at the table was 
relatively common.  It might be expected that daily salt intake would be greater in 
children who use discretionary salt.  For example in Australian adults daily sodium 
excretion was found to be 19% greater in those who reported adding salt during 
cooking (O'Reilly et al. 2010).  However, in the present study there was no 
difference in daily sodium excretion between users or non-users of discretionary 
salt.  This may be due to the relatively modest sample size or the use of one, 24-hr 
urine for sodium assessment compared to general use of discretionary salt use.  It is 
a concerning finding that approximately half of children reported adding salt at the 
table.  As dietary habits formed in childhood may influence dietary patters later in 
life (Mikkila et al. 2004), it is important that children adopt good food habits from 
an early age.  Furthermore, salt added to table food is likely to be more available to 
taste than salt within the food matrix (i.e. added during manufacture) (Shepherd et 
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al. 1989, Beauchamp et al. 1987), and evidence from adults (Bertino et al. 1986) and 
children (Harris and Booth 1987) suggest that a high salt sensory experience may 
increase the taste preference for highly salted foods.  As such, it is important that 
sodium reduction interventions include strategies to reduce discretionary salt use in 
children.   
 
Salt intake was significantly greater on non-school days, compared to school days.  
This finding is not surprising, given that energy consumption is greater on weekends 
(Post et al. 1987) and food choices on the whole tend to be poorer, with the inclusion 
of more ‘unhealthy’ foods (Lachapelle et al. 1989).  Although lower intakes of salt 
were recorded on school days, the average intake still exceeded the recommended 
daily Upper Limit.  Many everyday food items, which are likely to be included in 
packed school lunches, contribute significant levels of salt to the diets of Australian 
children, these include bread, processed meats (i.e. ham), cheese, savoury biscuits 
and snacks and yeast spreads (i.e. vegemite) (see Study two, Chapter five) (Grimes 
et al. 2011).   
 
In developed countries, most (75%) dietary sodium is derived from salt added to 
processed foods (James et al. 1987).  Therefore, to lower population salt intake there 
is a need to reduce the amount of salt added to food during manufacture (He and 
MacGregor 2008).  The findings from this study provide evidence of high salt 
consumption in Victorian schoolchildren and emphasise the urgent need for salt 
reduction strategies in children.  To achieve substantial reductions in children’s salt 
consumption on-going and considerable reductions in the amount of salt added to 
food during manufacturing is required (He and MacGregor 2008).  This should be 
combined with interventions that target discretionary salt use in the home.  
 
In the development of a salt reduction policy in Australia, appropriate measures to 
monitor and track progress over time, which includes a reliable measure of salt 
intake need to be considered (World Health Organization 2010b).  Within the 
current study 6% of urine samples were considered incomplete or an error, this 
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compares favourably to 1% of under collections in adult surveys (Huggins et al. 
2011), thus demonstrating that the collection of 24-hr urinary sodium in young 
children attending Australian schools is feasible and that this approach could be 
incorporated into a national monitoring system.  In the USA, the collection of 24-hr 
urines within a nationally representative sample of the US population, including 
children, has been recommended to monitor salt intake and track progress relative to 
salt reduction work occurring within the US food supply (Institute of Medicine 
2010).  Similarly in the most recent 2008/09 – 2009/10 UK National Diet and 
Nutrition Survey, 24-hr urine collections were used to assess salt intake in children 
aged 4-18 years (data not yet released) (UK Department of Health 2011).  
 
The important strength of the present study is the use of an objective indicator, 24-hr 
urinary sodium, to measure total salt intake.  In addition, a well devised 24-hr urine 
collection protocol, tailored specifically to children was used.  It is acknowledged 
that 24-hr urine samples were only collected during eight months of the year and 
that salt consumption may vary across seasons.  However, as this time period 
captures the Australian winter, spring and some of summer and autumn it is likely 
that any seasonal effect on salt intake would be minimal.  The limitations of the 
present study are the relatively small sample size (n = 238) and the low rate of 
recruitment (18%) from a high SES sample of children.  These limitations have 
implications for the generalisability of the findings.  However, it is important to note 
that given the inverse associations between SES and salt consumption in children, 
(see Study three, Chapter six) (Grimes et al. 2013), these findings are likely to 
represent a best case scenario and may indicate that salt intakes (as reflected by    
24-hr urines) in lower SES samples are likely to be higher than those shown.   
 
4.5 Conclusion 
In conclusion, this study suggests that the collection of 24-hr urines to objectively 
assess salt intake in young children is feasible within the Australian school setting.  
The salt intake in this convenience sample of Victorian schoolchildren was high.  
Further research is needed to more clearly elucidate salt consumption in a 
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representative sample of Australian children.  Understanding children’s salt 
consumption is vitally important given the known associations between salt 
consumption and life course progression to hypertension.   
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  Chapter Five 
5. Study Two: 
Sources of sodium in Australian children’s diets and the effect of the 
application of sodium targets to food products to reduce sodium intake2 
5.1 Introduction 
In developed countries, the majority (75-80%) of dietary sodium consumed is 
derived from salt added to processed foods (James et al. 1987).  Therefore to reduce 
population salt intake the amount of salt added to processed foods needs to be 
reduced (Brown et al. 2009, He and MacGregor 2008, Keogh and Clifton 2008).  In 
2006 the United Kingdom (UK) Food Standards Agency (FSA) released voluntary 
sodium reduction targets for food products (Food Standards Agency 2006).  This 
approach has been successful in lowering daily salt intake in adults to the lowest 
level reported in any developed country (Sadler et al. 2012).  In Australia, salt 
reduction initiatives have primarily been led by the non-government organisation the 
Australian Division of World Action on Salt and Health (AWASH).  In 2007, 
AWASH launched the “Drop the Salt” campaign with an overall aim of reducing 
Australian adult’s daily salt intake to 6 grams (sodium 2300 mg) by 2012 
(Australian Division of World Action on Salt and Health 2007). More recently, in 
2009, the government led, Australian Food and Health Dialogue was established to 
set voluntary sodium reduction targets for processed foods, in consultation with the 
food industry (Food and Health Dialogue 2010).  In April 2010 the first round of 
voluntary sodium reduction targets set by the Food and Health Dialogue were 
released for bread and breakfast cereals (Food and Health Dialogue 2010).  At the 
time of completion of this study and publication of the corresponding manuscript 
(early 2010) these were the only targets available for Australian food products.  
More recent developments relating to sodium reduction targets for Australian food 
                                                 
2 The manuscript arising from this chapter can be found in British Journal of Nutrition.  Grimes et al. 
2011, ‘Sources of sodium in Australian children’s diets and the effect of the application of sodium 
targets to food products to reduce sodium intake’, Br J Nutr, vol. 105, pp. 468-77. 
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products will be covered in the discussion of this chapter and placed within the 
context of the findings of this study.  
Compared to dietary recommendations (National Health and Medical Research 
Council 2006) sodium intake of Australian children is excessively high (Department 
of Health and Ageing et al. 2008b) and public health policy to reduce dietary sodium 
intake in children is urgently required.  In order to reduce sodium intake in children 
it is necessary to identify the major sources of sodium in children’s diets.   
 
5.1.1 Aims 
In this study data from the 2007 Australian National Children’s Nutrition and 
Physical Activity Survey (ANCNPAS) was utilised to identify the major dietary 
sources of sodium in children’s diets, the frequency of discretionary salt use, and the 
associated demographic characteristics in Australian children and adolescents aged  
2 -16 years.  Additionally, the most recently revised 2012 UK FSA sodium 
reduction targets were applied to Australian food products to investigate the effect 
these targets have on sodium intake in Australian children.  
 
Note: The 2012 UK FSA targets were used in this study as at the time of publication 
a comprehensive list of Australian targets was not available. However, the 
discussion section has been revised with consideration to work that has since been 
completed by the Food and Health Dialogue and the AWASH with respects to 
setting additional sodium reduction targets.  
 
5.2 Methods 
5.2.1 Study design 
This study is based on data from the 2007 ANCNPAS.  See Chapter three methods.  
 
5.2.2 Subjects 
See Chapter three methods.   
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5.2.3 Dietary intake 
See Chapter three methods.   
 
5.2.4 Number of days of dietary intake data 
In this analysis only data from the CAPI 24-hr dietary recall is included.  One day of 
dietary data is appropriate to estimate the population mean contribution of food 
groups to daily sodium intake (Reedy and Krebs-Smith 2010b, Thompson and Subar 
2008). 
 
5.2.5 Assessment of reporting error 
No participants were excluded on the basis of under or over-reporting.  See Chapter 
three methods.   
 
5.2.6 Food sources of sodium 
The ANCNPAS food group coding system described in Chapter three (Department 
of Health and Ageing 2010) was used to calculate the contribution of sodium from 
major, sub-major and minor food groups (Appendix B).  The contribution of each 
major, sub-major and minor food group to daily sodium intake was calculated using 
the population proportion formula (Krebs-Smith et al. 1989) as outlined below: 
% of sodium from food group = [sum of sodium from food group (mg) / total sum 
of sodium from all foods (mg)] * 100 
Food group contribution calculations were performed separately for each age group, 
2-3; 4-8; 9-13 and 14-16 years, with population weightings applied.  
 
5.2.7 Application of sodium content targets 
The FSA revised 2012 sodium reduction targets (Food Standards Agency 2009) 
were used as a benchmark to determine the percentage reduction of sodium content 
required in Australian food products for them to comply with the FSA targets.  
Within the UK’s FSA targets, sub-categories have been assigned either a maximum 
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or average target level of sodium permitted per 100g of food.  Where possible we 
have utilised the average level targets in preference to the maximum levels set.  It 
should be noted that the recently set sodium target for Australian bread by the end of 
2013 is identical to the target set by the FSA for regular breads and bread rolls (i.e. 
400mg/100g) (Food and Health Dialogue 2010).  The Australian sodium reduction 
target for breakfast cereals differs from the UK system, in that a 15% reduction in 
the sodium content of ready to eat breakfast cereals has been set, rather than a 
sodium content level in mg/100g.  The 15% reduction applies only to those breakfast 
cereals that exceed 400 mg of sodium per 100g (Food and Health Dialogue 2010).  
For consistency in this analysis the FSA targets were utilised.   
 
To calculate the average sodium content (mg/100g) of Australian food products, the 
sum of sodium provided by all foods consumed within either a sub-major or minor 
food category was divided by the sum of grams of food consumed within that sub-
major or minor food category, multiplied by 100.  These calculations were 
performed on the full dataset (n = 4487), with population weightings applied. 
 
Sodium reduction targets were applied to those food categories which contain 
processed foods where reductions in sodium levels can be achieved, this accounted 
for 11 of the 22 major food group categories.  It was not suitable to apply sodium 
targets within the other 11 categories as these include fresh foods and those with 
minimal levels of sodium for example non-alcoholic beverages, fruit products and 
dishes and sugar products and dishes.  The selected 11 major food categories were 
further broken down into sub and minor categories to determine if an appropriate 
FSA target could be matched to the Australian food category.  It was not possible to 
assign certain categories with an FSA target due to differences between the 
Australian food group classification system and that used by the FSA.  To avoid 
missing these categories, for which the FSA has targets for but do not match to the 
Australian categories, we applied a ‘blanket’ 25% reduction. For example although 
the FSA has set a target for a range of different types of savoury sauces these could 
not be applied to Australian food categories as too much variation exists between the 
two food group classification systems.  As this category consists of high sodium 
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food items which contribute significantly to sodium intake a 25% ‘blanket’ target 
was applied to these categories.  Twenty five percent was chosen as it has previously 
been demonstrated that at this level, no change in taste of the food products is 
detected by the consumer (Grigis et al. 2002).  Furthermore this is the level 
recommended by the AWASH to reduce the level of salt in food products and within 
the catering industry (Australian Division of World Action on Salt and Health 
2007).   
 
To calculate the percentage reduction required in sodium content of each food group 
category to meet the FSA target the following formula was used: 
% reduction in sodium content to meet FSA target = [{estimated mean sodium 
content of Australian food category (mg/100g) – FSA sodium reduction target 
(mg/100g)} / estimated mean sodium content of Australian food category 
(mg/100g)] * 100.   
The percentage reduction was then applied to the mean sodium intake coming from 
each food group category, for each age group to calculate the new mean daily 
sodium intake. 
 
5.2.8 Anthropometry 
See Chapter three methods.   
 
5.2.9 Indicator of socioeconomic status 
See Chapter three methods.   
 
5.2.10 Statistical analysis 
The frequency of participants, in each age group and SES category, reporting 
discretionary salt use was calculated using descriptive statistics.  Pearson Chi-
squared test (F2)was used to determine significant relationships between categorical 
variables, accounting for the complex survey design using the STATA svy 
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command, specifying strata variable (region), cluster variable (post code) and 
population weighting (age, gender, region).  A two-tailed P-value of <0.05 was 
considered significant.  Data and statistical analyses were performed with PASW 
version 17 (PASW Inc, Chicago, IL, USA), STATA/SE 11 (StataCorp, College 
Station, Texas, USA) and Microsoft Excel (Microsoft Corp.).   
 
5.3 Results 
5.3.1 Food sources of sodium 
The relative contribution of each major food group to total daily sodium intake in 
children by age group is shown in Figure 5.1.  Across all age groups the greatest 
contributor to sodium intake, was cereals and cereal products, accounting for over 
20% of intake.  Other major sources, contributing to more than 10% of intake across 
most age groups are cereal-based products and dishes; meat, poultry and game 
products and milk products and dishes.  The contribution of each major food 
category to sodium intake was relatively similar across all age groups.  With the 
exception of cereal-based products and dishes, which accounted for a greater 
contribution to sodium intake in older children; and milk products and dishes, which 
accounted for a greater contribution to sodium intake of children in the younger age 
groups.   
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Figure 5.1. Sources of sodium from major food groups in Australian children and adolescents aged 2-16 years (n = 4 487)1 
 
1 2-3 years n = 1071; 4-8 years n = 1216; 9-13 years n = 1110; 14-16 years n = 1090
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Table 5.1 lists those major, sub-major and minor food categories that contributed to 
more than 2% of daily sodium intake in any age group.  Within the cereals and 
cereal products category, regular breads and bread rolls contributed the greatest 
proportion to sodium intake across all age groups 12-15%.  Pastries contributed 
between 3-6% of sodium intake across age groups and tended to increase with age.  
Within the meat, poultry and game products and dishes, processed meat made the 
greatest contribution to sodium intake ranging from 7-9%, followed by sausages, 
frankfurts and saveloys accounting for 2-3%.  Both dairy milk 3-7% and cheese 4-
7% contributed the most sodium within the milk products and dishes.  Other 
moderate sources of sodium across all age groups were gravies and savoury sauces 
5-8%, soup 2-3% and snack foods 2-4%. 
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Table 5.1. Main food sources of sodium from major, sub-major and minor food categories in 2-16 year old Australian children and 
adolescents (n = 4487)1 
Food Group Name 
Age Group 
2-3 Years 
(n = 1071) 
4-8 Years 
(n = 1216) 
9-13 Years 
(n = 1110) 
14-16 Years 
(n = 1090) 
Non-alcoholic beverages 1.1 1.4 2.2 2.2 
Cereals and cereal products (total %) 23.2 23.1 20.8 20.2 
    Regular breads, and bread rolls 14.9 15.0 12.5 12.3 
       Breads, And Bread Rolls, White  6.0 7.0 7.0 7.0 
       Breads, And Bread Rolls, Mixed Grain  2.4 1.7 1.4 1.6 
       Breads, And Bread Rolls, Wholemeal  3.1 2.3 1.7 1.4 
    English style muffins, flat breads and savoury sweet biscuits 2.2 2.4 2.3 2.7 
    Breakfast cereals and bars, unfortified and fortified varieties 4.7 4.2 4.3 3.8 
       Breakfast Cereal, Wheat Based, Fortified  1.6 1.2 0.9 0.9 
Cereal-based products and dishes (total %) 14.9 18.9 22.3 23.6 
    Sweet biscuits 1.5 1.3 1.1 1.1 
    Savoury biscuits 2.8 2.6 2.1 1.6 
    Cakes, buns, muffins, scones, cake-type desserts 2.0 2.6 2.3 2.3 
       Cakes, Cake Mixes  1.2 1.6 1.1 1.3 
    Pastries 3.0 4.0 5.3 5.9 
       Savoury Pastry Products, Pies, Rolls And Envelopes  2.1 3.5 4.5 5.0 
    Mixed dishes where cereal is the major ingredient 4.0 6.8 9.4 11.3 
       Pizza  0.9 2.1 3.0 4.2 
       Sandwiches And Filled Rolls (Where Recipe Not Known)  0.3 0.6 1.5 1.9 
       Hamburgers  0.2 1.3 1.8 2.0 
       Savoury Pasta or Noodle And Sauce Dishes  1.9 1.8 1.7 1.3 
    Batter-based products 1.5 1.6 2.0 1.4 
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Fats and oils 1.9 1.6 1.1 1.1 
Fish and Seafood Products and Dishes 1.8 1.7 1.6 1.3 
Meat, poultry and game products and dishes (total %) 13.8 17.1 15.2 15.4 
    Sausages, frankfurts and saveloys 3.1 3.1 3.2 2.0 
       Sausage  2.4 2.3 2.3 1.4 
    Processed meat 6.5 9.2 6.6 7.4 
       Bacon  0.8 1.6 1.6 2.2 
       Ham  4.1 5.0 3.0 3.2 
       Processed Delicatessen Meat, Red  1.5 2.3 1.5 1.5 
    Mixed dishes where poultry or game is the major component 1.9 2.8 2.5 2.9 
       Poultry or game crumbed, battered, meatloaf or patty type 1.6 2.3 1.7 2.0 
Milk products and dishes (total %) 17.2 11.8 9.4 8.9 
    Dairy milk 7.3 4.2 3.6 3.0 
       Milk, Cow, Fluid, Regular Whole, Full Fat  5.8 2.8 2.1 1.8 
    Yoghurt 1.7 0.9 0.5 0.5 
    Cheese 7.1 5.3 3.8 4.0 
       Cheese, Natural, Traditional  4.2 3.0 2.5 2.9 
Soup (total %) 2.0 2.6 3.3 2.8 
    Soup (prepared, ready to eat) 1.9 2.3 3.0 2.5 
Savoury sauces and condiments (total %) 6.5 5.5 8.1 8.4 
    Gravies and savoury sauces 5.7 4.8 7.5 7.5 
       Savoury Sauces  3.7 3.1 4.8 5.0 
Vegetable products and dishes (total %) 3.0 3.0 3.7 4.3 
    Potatoes 1.2 1.6 2.0 2.3 
Snack foods (total %) 2.0 3.6 3.5 2.9 
    Potato snacks 0.8 1.6 1.9 1.8 
       Potato Crisps  0.8 1.6 1.9 1.7 
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Miscellaneous (total %) 8.2 5.8 5.6 5.1 
    Yeast, yeast, vegetable and meat extracts 3.7 2.5 1.6 1.4 
       Yeast, Vegetable And Meat Extracts  3.7 2.5 1.6 1.4 
    Herbs, spices, seasonings and stock cubes 4.5 3.3 4.0 3.6 
       Salt  3.3 2.6 3.3 2.8 
1 Food group categories that contribute >2.0% of sodium to daily intake across any age group are included 
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5.3.2 Application of FSA sodium reduction targets  
Of the 263 minor food categories that were investigated within the 11 major 
categories, an appropriate FSA target could be applied to 85 of the minor food 
categories.  The 25% ‘blanket’ reduction was applied to an additional 81 minor food 
categories.  The remaining 97 minor food categories that were not assigned a sodium 
reduction target included fresh food items and those with negligible sodium levels.  
These included rice & grains (n = 6), vegetable oils (n =  6), fresh fish and seafood 
(n =  5), fresh meat and poultry (n =  13), milk, yoghurt and cream (n =  45), 
vegetables (n =  17), herbs, spices and sweeteners (n =  5).   
 
Table 5.2 shows those Australian food categories that were assigned either an FSA 
sodium reduction target or a blanket 25% reduction target.  For ease of reporting 
rather than listing all (166) minor food categories this has been condensed, so that 
those minor food categories within a sub category that were all assigned the same 
target are only presented once as the sub category. 
 
Six Australian food groups were found to have an estimated sodium content level 
already below that of the proposed FSA target, these included i) Sweet Breads, Buns 
and Scroll ii) Sweet Breads, Buns and Scrolls, Fortified iii) Breakfast cereal, hot 
porridge type iv) Cheese, Natural, Traditional v) Cheese, Natural, Reduced Fat and 
Fat-Modified vi) Potato Products (e.g. potato chips wedges and hash brown) (Table 
5.2).  Therefore, for each of these food groups no adjusted calculation was made, as 
this would have resulted in an increase in mean sodium intake from these food 
groups.   
 
The percentage reduction in sodium required to meet the proposed FSA targets 
varied considerably amongst food groups, ranging from 9-64%.  The majority of 
food groups (75%) require reductions of greater than 20% in sodium to reach the 
proposed FSA target.  Those minor food groups that require the greatest reductions 
(>40%) are sweet pastry products, tarts and flans (49%), sweet pastry products, pies, 
slices and Danishes (42%), sausage (41%), bacon (40%), ham (57%), processed 
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delicatessen meat, red (43%), all processed and fresh cheeses (40-64%) and canned 
condensed soup (64%).   
 
 
83 
Table 5.2. Application of sodium reduction targets to Australian food categories 
Australian Food Category Name Mean Sodium 
Content 
(mg/100g) 
FSA Sodium 
Content Target 
(mg/100g) 
% Reduction in 
Sodium to Reach 
Target1 
Cereals and cereal products 
    Regular breads, and bread rolls (plain/unfilled/untopped varieties) 482 400 17 
    English-style muffins, flat breads, and savoury sweet breads 
        English-Style Muffins  476 300 37 
        Flat Breads (E.g. Pita Bread)  467 400 14 
        Savoury Filled or Topped Breads And Bread Rolls  664 480 28 
        Savoury Filled or Topped Breads And Bread Rolls  659 480 27 
        Sweet Breads, Buns and Scrolls  226 300 -33 
        Sweet Breads, Buns and Scrolls, Fortified  273 300 -10 
        Tortilla, Taco Shells, And Corn Bread  466 400 14 
    Breakfast cereals and bars, unfortified and fortified varieties 385 270 30 
    Breakfast cereal, hot porridge type2 28 270 -859 
Cereal-based products and dishes 
    Sweet biscuits 296 270 9 
    Savoury biscuits 755 550 27 
    Cakes, buns, muffins, scones, cake-type desserts 323 200 38 
    Pastries 
        Pastry, croissant 335 300 10 
        Sweet pastry products, tarts and flans 254 130 49 
        Sweet pastry products, pies, slices and Danishes 225 130 42 
        Savoury pastry products, tarts and flans 378 300 21 
        Savoury pastry products, pies, rolls and envelopes 538 450 16 
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    Mixed dishes where cereal is the major ingredient 425 25% reduction 25 
    Batter-based products 489 300 39 
Fats & oils 
    Butters 531 25% reduction 25 
    Dairy blends 434 25% reduction 25 
    Margarine and table spreads 510 25% reduction 25 
Meat , poultry and game products and dishes 
    Sausages, frankfurts and saveloys 
        Sausage  763 450 41 
        Frankfurts, and saveloys  758 650 14 
    Processed meat 
        Bacon  1901 1150 40 
        Ham  1507 650 57 
        Processed Delicatessen Meat, Red  1140 650 43 
        Processed Delicatessen Meat, White  748 600 20 
        Canned Processed Meat  1055 650 38 
    Mixed dishes where beef, veal or lamb is the major component 193 25% reduction 25 
    Mixed dishes where pork, bacon, ham is the major component 283 25% reduction 25 
    Mixed dishes where poultry or game is the major component 354 25% reduction 25 
Milk products and dishes 
    Cheese 
        Cheese, Natural, Traditional  676 720 -7 
        Cheese, Natural, Reduced Fat And Fat-Modified  567 720 -27 
        Cheese, Cottage And Cheese, Cottage, Low Fat  277 220 21 
        Cheese, Cream And Cheese, Cream, Reduced Fat  575 220 62 
        Cheese, Processed  1331 800 40 
        Cheese, Processed, Reduced Fat  1440 800 44 
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        Cheese, Processed, Fortified  1368 800 42 
        Cheese, Camembert, Brie  605 220 64 
Soup 
    Soup (prepared, ready to eat) 257 230 10 
    Dry soup mix 1883 25% reduction 25 
    Canned condensed soup (unprepared) 645 230 64 
Savoury sauces and condiments 783 25% reduction 25 
Vegetable products and dishes 
    Potatoes 
        Potatoes  
        Potato Products (e.g. potato chips wedges and hash brown)  162 195 -21 
        Potato Dishes (e.g. potato bake scalloped and mashed potatoes) 
Snack foods 
    Potato snacks 674 550 18 
    Corn snacks 523 25% reduction 25 
    Extruded or reformed snacks 1038 750 28 
    Pretzels 1980 25% reduction 25 
    Other snacks 867 25% reduction 25 
Miscellaneous 
    Yeast, vegetable and meat extracts 2958 25% reduction 25 
    Herbs, spices, seasonings and stock cubes 
        Salt  37038 25% reduction 25 
        Stock cubes and seasoning 16920 25% reduction 25 
        Stock, prepared 375 25% reduction 25 
1 A negative reduction on a food group indicates that the estimated sodium content level of that particular Australian food group already 
falls below the proposed FSA target.  
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2 The category breakfast cereal, hot porridge type includes cereals made of rolled oats.  Compared to other breakfast cereals oats are 
minimally processed and contain low levels of sodium.  The UK FSA target covers all types of breakfast cereals, therefore when applied to 
oats there is a large reported reduction required in sodium content (i.e. -859).  
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Figure 5.2 displays the change in mean daily sodium intake to each age group after 
application of the proposed sodium reduction targets.  The greatest reductions in 
daily sodium intake would be in children within the older age groups, 629 mg/d (salt 
1.6 g/d) and 543 mg/d (salt 1.4 g/d) in 14-16 and 9-13 year olds, respectively, 
compared to 327 mg/d (salt 0.8 g/d) and 455 mg/d (1.3 g/d) in 2-3 and 4-8 year olds, 
respectively.  However, as daily sodium intake increases with age this would equate 
to a similar percentage reduction in mean sodium intake across all age groups, 20%, 
21%, 20% and 20% in 2-3, 4-8, 9-13 and 14-16 year olds, respectively.  Figure 5.3 
displays the difference these reductions would make to the percentage of children 
exceeding the recommended daily Upper Limit of sodium.  The application of the 
proposed sodium reduction targets results in 15%, 20%, 21% and 17% fewer 
children aged 2-3, 4-8, 9-13 and 14-16 years, respectively, exceeding the daily 
Upper Limit of sodium for that age group.   
 
Figure 5.2. Change in daily mean sodium (Na) intake of Australian children 
and adolescents after adjustment with sodium reduction targets by age group 
(n =  4487) 
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Figure 5.3. Change in % of Australian children and adolescents exceeding the 
suggested daily Upper Limit (UL) for sodium before and after the application 
of sodium reduction targets (n =  4487) 
 
 
5.3.3 Discretionary salt use 
Approximately one third of all participants reported adding salt at the table and that 
the person who prepares their meal adds salt when cooking Figure 5.4.  There was 
no association between age group and use of salt added during cooking (Pearson F2 
7.6, P = 0.27) (Figure 5.5).  In contrast, there was a significant association between 
age group and the participants own use of table salt.  As participants aged, they were 
more likely to add salt at the table (F2 199.5, P <0.001) (Figure 5.5).  With regards 
to SES, there was no association between SES and salt added during cooking (F2 
3.9, P = 0.43) (Figure 5.6).  There was a significant association between SES and 
salt added at the table (F2 42.5, P <0.001).  Thirty three percent, 32% and 25% of 
participants grouped as low, mid and high SES, respectively, reported adding salt to 
their meal at the table usually or sometimes (Figure 5.6).   
85 83 
71 68 70 
63 
50 51 
0
10
20
30
40
50
60
70
80
90
100
2-3 4-8 9-13 14-16
%
 o
f p
ar
tic
ip
an
ts
 a
bo
ve
 U
pp
er
 L
im
it 
Age group (years) 
Original Data: % above
UL
With sodium reduction
targets applied: %
above UL
Study Two: Sources of sodium in Australian children’s diets 
 
89 
Figure 5.4. Discretionary salt use in Australian children and adolescents aged 
2-16 years (n =  4481)1 
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Figure 5.5. Discretionary salt use in Australian children and adolescents aged 
2-16 years by age group (n =  4481)1 
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Figure 5.6. Discretionary salt use in Australian children and adolescents aged 
2-16 years by socioeconomic status (n =  4481)1 
 
 
 
1Those participants that responded “don’t know” (n =  6) were excluded from this 
analysis 
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5.4 Discussion 
This is the first study to examine the major sources of dietary sodium in Australian 
children.  The greatest contributors to sodium intake from food sources were cereals 
and cereal based products/dishes (43%), meat poultry and game products (16%), 
milk products/dishes (11%) and savoury sauces and condiments (7%).  These 
findings are similar to those reported in other developed countries (Meneton et al. 
2009).  
 
Findings from this analysis indicate that the adherence to the 2012 UK FSA sodium 
reduction targets to Australian food products would lower the average sodium intake 
of 2-16 year old Australian children by 20%.  This is a significant reduction and if 
applied incrementally over the next 10 years could result in a significant reduction in 
sodium intake and bring intakes closer to recommended levels.  Gradual, 
incremental reductions in the salt content of processed foods can be achieved 
without consumers detecting the reduction (Grigis et al. 2002).  Since the FSA 
began its salt reduction strategy in 2003/2004, which included the release of the 
voluntary sodium reduction targets for food products in 2006, daily salt consumption 
in adults, as measured by 24-hr urinary sodium excretion, has reduced by 9.5% from 
2000/01 to 2011 (i.e. 9.5 g/d to 8.1 g/d) (Sadler et al. 2012).  Although adults are 
still consuming high levels of salt that are exceeding dietary recommendations, this 
decrease represents a positive change in the trend from previously increasing salt 
intakes (He and MacGregor 2008).  The success of the FSA sodium reduction 
targets is also seen within the changing food supply, where on average the sodium 
content has been reduced by 20-30% (He and MacGregor 2008).  Other countries 
are now taking action with respect to salt reduction (Health Canada 2009, Institute 
of Medicine 2009, New York City Department of Health and Mental Hygiene 2010). 
 
Based on the UK FSA model, the US and Canada have developed similar sodium 
reduction targets which specify the level of sodium (mg/100g) permitted across a 
range of processed foods (Health Canada 2009, New York City Department of 
Health and Mental Hygiene 2010).  In comparison, Australia is lagging behind in the 
development of a comprehensive list of national sodium reduction targets.  In April 
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2010, Australia’s Food and Health Dialogue released targets for bread 
(400mg/100g) and breakfast cereal (Food and Health Dialogue 2010).  In contrast to 
the UK model, the target for breakfast cereal is based on a percentage reduction 
level (i.e. 15%), applying only to those cereals where sodium levels exceed 400 
mg/100g.  In the current analysis it was calculated that for Australian breakfast 
cereals to comply with the FSA target a 30% average reduction in sodium content is 
needed.  The range of sodium levels across Australian breakfast cereals is large, 
varying from 4 to 1063 mg/100g (Webster et al. 2010).  The application of a 15% 
reduction to those cereals at the top of the range in sodium levels, would still 
promote the manufacture of breakfast cereals with unacceptably high sodium levels.  
Thus, it is recommended the sodium reduction target for Australian breakfast cereals 
be expressed in mg/100g and also be lowered in line with the UK target (average 
270mg/100g; maximum 400mg/100).  Such a target will achieve greater reductions 
in population sodium intake and allow for consistency in sodium levels across food 
products, encouraging a level playing field for food manufacturers’.  Furthermore, 
targets set at levels in mg/100g are more useful for monitoring and evaluating 
sodium levels over time.   
 
In the two years, following this study, the Food and Health Dialogue have set 
additional salt content targets for four more food categories: simmer sauces, 
processed meats, soup and savoury pies (Appendix A).  To help progress salt 
reduction work in Australia and provide guidance for food manufacturers who are 
willing to reformulate products, the AWASH released interim salt reduction targets 
in 2011 for 85 food categories that contribute significant amounts of salt to the 
Australian diet (Australian Division of World Action on Salt and Health 2011).  
Whilst the criteria used by the Food and Health Dialogue in developing salt content 
targets are unclear, the AWASH utilised a systematic approach to set feasible yet 
challenging salt reduction targets.  In brief, the UK FSA 2012 targets were used as a 
base, along with consideration to the current sodium levels of Australian food 
products.  For example, in each food category if 10-50% of Australian products 
already met the FSA target it was deemed feasible for other products to comply with 
this and therefore adopted.  Whereas if <10% or >50% of Australian products met 
the FSA target, a new target was set, using the median salt level of products 
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available in Australia (Australian Division of World Action on Salt and Health 
2011).   
Appendix F lists the Food and Health Dialogue sodium content targets, with 
comparison to i) the range of sodium content of these products available on the 
Australian market (Webster et al. 2010) ii) the 2012 UK FSA targets and iii) 
recently released AWASH interim salt reduction targets.  In summary, the targets set 
for soup and processed meats are comparable to those recommended by the FSA and 
AWASH.  However, similar to breakfast cereals, as discussed above, the target for 
simmer sauces and savoury pies are both based on a % reduction level when 
exceeding a specified maximum amount of sodium (i.e. 15% for simmer sauces and 
10% for savoury pies) (Appendix F).  Again, the range of sodium in these types of 
foods is large, for example up to 2020 mg/100 g in pasta simmer sauces and 2182 
mg/100g in savoury pies (Appendix F).  As such, it is questionable if the less 
stringent targets proposed by the Food and Health Dialogue will be adequate to 
achieve meaningful reductions in sodium intake in Australian children.  In the 
current analysis the target set for both of these food groups was a blanket 25% 
reduction.  Therefore if the proposed Food and Health Dialogue targets had been 
applied the overall effect seen on daily sodium reduction in children would be less 
than presented in this study.  Given that in the current analysis, a substantial 
proportion of children still exceed the daily Upper Limit for sodium this reinforces 
the need for more challenging sodium content targets.   
 
This study found salt is commonly added during cooking and at the table.  In a 
previous study discretionary salt was estimated to contribute 15% of total daily 
sodium intake (James et al. 1987).  Therefore, there is potential for further 
reductions to total sodium intake if the use of discretionary salt is reduced.  Findings 
from the AWASH 2008 consumer survey on parents’ attitudes to salt and children 
revealed that over half (52%) of respondents reported that their children were 
consuming salty snacks, such as chips and savoury biscuits, at least a few times a 
week (Australian Division of World Action on Salt and Health 2008a). Variation in 
salty taste perception and liking is mostly caused by learned experiences rather than 
genetics (Wise et al. 2007), exposure to salt in foods after the age of two years 
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results in a liking for salt in foods (Beauchamp and Moran 1984, Cowart and 
Beauchamp 1986).  Exposure to foods containing salt provides a learning 
environment in which children are familiarized with products that are accepted in 
their specific dietary culture.  As salt intake is reduced, adults appear to prefer food 
with less salt (Bertino et al. 1982, Blais et al. 1986, He and MacGregor 2003), and 
this is probably related to the adaptation of taste receptors over the course of weeks 
to months (Blais et al. 1986).  One study has demonstrated that in children aged 12-
13years, those who reported eating at fast food restaurants more that once a month 
had a greater preference for salty foods (Kim and Lee 2009).  Salt reduction 
campaigns targeting younger children and their parents, to reduce the use of 
discretionary salt could result in a lifelong reduction in salt intake.  
 
In the current analysis after application of the sodium reduction targets, daily 
sodium intake decreased by 327mg, 455mg, 543mg and 629mg (salt 0.8g, 1.2g, 1.4g 
and 1.6g) in 2-3, 4-8, 9-13 and 14-16 year olds, respectively.  These findings 
highlight that incremental product reformulation of lower sodium foods will 
significantly reduce children’s daily sodium intake.  However as intakes will still be 
above levels recommended for health, this strategy should be combined with 
education and behavioural interventions to achieve greater reductions.  Such 
interventions should aim to limit high salt processed foods, for example savoury 
snacks and processed meats, and replace these with fresh foods which are low in 
salt.   
 
The strength of the present study is that the data utilised comes from a large national 
survey.  The complex sampling methods employed in the 2007 ANCNPAS, enabled 
the selection of the best available sample of Australian children aged 2-16 years 
within eligible postcodes.  However, the study also has a number of limitations 
which should be considered when interpreting the findings.  Firstly, due to the low 
response rate of 40%, the potential for non-response bias cannot be excluded.  It is 
not possible to estimate potential non-response bias as no demographic information 
was collected on participants who refused to participant or who were excluded due 
to the quota sampling system.  However, empirical evidence suggests that the 
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influence of low response rates on epidemiological estimates is likely to be minimal 
(Galea and Tracy 2007).  Secondly, in determining the average sodium content of 
Australian food products our calculations were based on the foods participants had 
eaten on the day of the survey and nutrient values obtained from the nutrient 
composition database AUSNUT2007 (Food Standards Australian and New Zealand 
2009).  No laboratory analyses were conducted to determine sodium values of food 
products and reported sodium content was used.  In addition, in the 2007 
ANCNPAS sodium intake was determined via a 24-hr dietary recall.  This method 
fails to capture the amount of sodium coming from salt added at the table and during 
cooking, and as such is likely to be an underestimation of the true value of sodium 
intake.  Furthermore, it is acknowledged that there was a small degree of under-
reporting detected within the 14-16 year old age group (see Chapter three methods).  
However, given the aims of this study and the minor bias detected it is unlikely this 
would have affected the overall results.  In this study FSA sodium reduction targets 
were applied to 85 minor Australian food categories and a 25% ‘blanket’ reduction 
on a further 81 minor food categories.  This method ensured that the majority of 
processed foods that can be targeted in sodium reduction were included in our 
analysis.  One exception is canned vegetables, where due to the inclusion of both 
canned and fresh varieties grouped together in the Australian food group 
classification system it was not possible to place a sodium reduction target on this 
category.  The contribution of vegetables (excluding potato) to sodium intake in this 
sample of Australian children was low (1.6%).  As such it is unlikely that the 
omission of a target on this food group would significantly alter our overall results.  
 
5.5 Conclusion 
In summary the findings from this study demonstrate that the application of sodium 
reduction content targets on Australian food products could reduce the average 
sodium intake of Australian children aged 2-16 years by 20%.  This would reduce 
the current average sodium intake, which is approximately 1.6 times the daily Upper 
Limit to an average level that is 1.2 times the upper level (currently 7.8 g salt for 14-
16 year olds and 4.2 g salt for 1-3 year olds, excluding discretionary use of salt at 
the table or during cooking) and would result in approximately 20% fewer children 
exceeding the daily Upper Limit for sodium.  Although this 20% may seem modest 
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it is likely that with regular review and consultation with the food industry, similar 
reductions could be achieved every 2-3 years, which would result in most children 
falling below the Upper Limit.  For Australia the UK’s FSA sodium reduction 
targets provide a useful starting framework to guide population wide sodium 
reduction efforts.  These data also indicate that the reported frequency of 
discretionary salt is relatively high amongst Australian children.  To successfully 
reduce sodium intake, there is a need for salt reductions strategies to incorporate 
education campaigns that target both discretionary salt use and consumption of high 
salt processed foods.  Successful implementation of these strategies will lead to a 
population wide reduction in salt intake which will ultimately reduce rates of 
cardiovascular disease. 
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Chapter Six 
6. Study Three: 
Dietary sodium consumption is associated with socioeconomic status in 
Australian children3 
6.1 Introduction 
Given blood pressure follows a tracking pattern over the life course (Chen and 
Wang 2008, Toschke et al. 2010), it is likely that high sodium consumption during 
childhood increases future risk of elevated blood pressure and subsequent 
cardiovascular disease (CVD).  Increased CVD risk is also observed with lower 
socioeconomic status (SES) (Kaplan and Keil 1993, Rosengren et al. 2009), 
potentially due in part to differences in dietary intakes.  Furthermore, prolonged 
inequalities of SES across the life course are likely to accumulate to overall greater 
CVD risk (Loucks et al. 2009, Pollitt et al. 2005).  A number of studies in adults 
(Hulshof et al. 2003, Giskes et al. 2002) and in children (Ambrosini et al. 2009, 
Haapalahti et al. 2002, Neumark-Sztainer et al. 2003, Utter et al. 2010, Wardle et al. 
2003) have identified SES as a determinant of diet quality (Darmon and 
Drewnowski 2008).  For instance, evidence from cross-sectional studies in children 
have reported a positive association between SES and fruit and vegetable intake 
(Dubois et al. 2011, Haapalahti et al. 2002, Neumark-Sztainer et al. 2003) and 
conversely, lower levels of SES have been associated with poor dietary outcomes, 
including greater intake of high fat foods (Wardle et al. 2003), fast foods and soft 
drinks (Utter et al. 2010).  Studies examining the association between SES and 
sodium intake are scarce and inconsistent, one study in British adults found low SES 
was associated with higher intakes of sodium (Bates et al. 1999), whereas in US 
adults there was no association between SES and sodium intake (Gerber et al. 1991).  
In developing effective and focused public health messages and strategies it is 
important to consider if particular subgroups within the population may be at greater 
risk of high sodium consumption.   
                                                 
3 The manuscript arising from this chapter can be found in British Medical Journal Open.  Grimes et 
al. 2013, ‘Is socioeconomic status associated with dietary sodium intake in Australian children? A 
cross-sectional study’, BMJ Open, vol. 3: e002.106, doi:10.1136/bmjopen-2012-002106 
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6.1.1 Aims 
The aim of this study was to examine the association between SES and dietary 
sodium intake and the food sources of sodium in a nationally representative sample 
of Australian children and adolescents aged 2-16 years.   
 
6.2 Methods  
6.2.1 Study design 
This study is based on data from the 2007 Australian National Children’s Nutrition 
and Physical Activity Survey (ANCNPAS).  See Chapter three methods.   
 
6.2.2 Subjects 
See Chapter three methods.   
 
6.2.3 Dietary intake 
See Chapter three methods.   
 
6.2.4 Number of days of dietary intake data 
This study follows on from the work presented in Study two (Chapter five).  
Consistent with Study two only data from the CAPI 24-hr dietary recall is included.  
One day of dietary data is appropriate to estimate the population mean contribution 
of food groups to daily sodium intake (Reedy and Krebs-Smith 2010b, Thompson 
and Subar 2008). 
 
6.2.5 Assessment of reporting error 
No participants were excluded on the basis of under or over-reporting.  See Chapter 
three methods.   
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6.2.6 Anthropometry 
See Chapter three methods.   
 
6.2.7 Indicator of socioeconomic status 
The highest level of education attained by the primary caregiver was used to define 
SES.  See Chapter three methods.   
Parental income was used as a secondary indicator of SES.  Reported parental 
income before tax was grouped into four categories i) AUD$ 0 to $31 999 ii) $32 
000 to $51 999 iii) $52 000 to $103 999 iv) ≥ $104 000.   
 
6.2.8 Statistical analysis 
Statistical analyses were completed using STATA/SE 11 (StataCorp, College 
Station, Texas, USA) and PASW Statistics 17.0 (PASW Inc, Chicago, IL, USA).  A 
P-value of <0.05 was considered significant.  All analyses accounted for the 
complex survey design using the STATA svy command, specifying strata variable 
(region), cluster variable (post code) and population weighting (age, gender, region).  
Descriptive statistics are presented as mean (SD) or number (% weighted).  Multiple 
regression analysis was used to assess the association between SES, as indicated by 
primary caregiver education level, and sodium intake, with adjustment for age, 
gender, energy intake and body mass index (BMI).  To further control for the effects 
of age, the analysis was repeated stratified by age group (i.e. 2-3; 4-8; 9-13; 14-16 
years).  Additionally the association between parental income and sodium intake 
was examined, with adjustment for age, gender, energy intake and BMI.  The 
regression coefficient (β) with 95% CI, corresponding P-values and the coefficient 
of determination (R2) are presented.  In Study two (see Chapter five) (Grimes et al. 
2011) which included the same study population the population proportion formula 
(Krebs-Smith et al. 1989) was used to calculate the contribution of sodium from sub-
major food group categories, as defined in the ANCNPAS food group coding system 
(Department of Health and Ageing 2010).  This study utilises this list which 
identified the main sources of dietary sodium, to determine if sodium intake from 
food group differs across SES categories, based on primary caregiver education 
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level.  To do this, the mean sodium intake from each sub-major food group by SES 
category was calculated.  The mean sodium of low SES to high SES was compared 
using an independent t-test a two-tailed P-value of <0.05 was considered significant.   
 
6.3 Results 
Basic characteristics of the 4 487 participants are listed in Table 6.1.  As defined by 
parental education status, the proportion of children from low, mid and high SES 
backgrounds was relatively evenly distributed.  Over two thirds of children fell 
within the two highest income bands.   
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Table 6.1. Characteristics of Australian children and adolescents aged 2-16 
years (n = 4 487) 
Characteristic  n or mean  % or SD 
Male1 2 249 51% 
Age (years)2 9.1 4.3 
Age group1   
   2-3 years 1071 12% 
   4-8 years 1216 34% 
   9-13 years 1110 33% 
   14-16 years 1090 21% 
Socioeconomic status1, 3   
   Low SES 1414 30% 
   Mid SES 1583 36% 
   High SES 1490 34% 
Parental income4   
$0 to 31 999 500 11% 
$32 000 to 51 999 732 17% 
$52 000 to 103 999 1850 42% 
$≥104 000 1169 30% 
Weight status1, 5   
   Underweight 212 5% 
   Healthy weight 3267 72% 
   Overweight 761 17% 
   Obese 247 6% 
Energy (kJ/d)2 8392 3156 
Sodium (mg/d)2 2473 1243 
Salt equivalent (g/d)2, 6 6.3 3.1 
1 n (weighted %) 
2 mean (SD) 
3 SES as defined by the highest level of education attained by the primary caregiver  
4 Participants with missing information for parental income (n = 236) excluded 
5 Weight classification based on the IOTF BMI reference cut-offs (Cole 2000, Cole 
et al. 2007) 
6 Salt equivalents (i.e. sodium chloride: 1 g = 390 mg sodium) 
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Average daily sodium intake differed by SES (Figure 6.1, P <0.01).  Regression 
analysis indicated that low SES was associated with a 195 mg/d (salt 0.5 g/d) greater 
intake of sodium.  The association between SES and sodium intake remained after 
adjustment for age, gender, energy intake and BMI (Table 6.2).  When stratified by 
age group the association between sodium intake and SES remained significant 
between the ages of 4-13 years, however there was no association between sodium 
intake and SES in 2-3 year olds or in 14-16 year olds (Table 6.3).  There was no 
association between sodium intake and parental income (Table 6.4).  However, only 
28% of children fell within the two lowest income bands (Table 6.1). 
 
Figure 6.1. Mean sodium intake (mg/d) of Australian children and adolescents 
aged 2-16 years by socioeconomic group (n = 4 487)1 
 
* Significantly different from high SES (P <0.001) 
** Significantly different from high SES (P = 0.03) 
1 SES as defined by the highest level of education attained by the primary caregiver  
6.6 g/d (salt) 
6.4 g/d (salt) 
6.1 g/d (salt) 
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Table 6.2. Association between socioeconomic status and dietary sodium intake 
(390 mg/d) (1 g/d salt) in Australian children and adolescents aged 2-16 years   
(n = 4 487)1, 2 
Variable β (95% CI) P-Value 
Unadjusted   
High SES (reference)   
Mid SES 0.3 (0.03, 0.5) 0.03 
Low SES 0.5 (0.3, 0.8) <0.001 
 R2 = 0.004 4 0.001 
Adjusted3   
High SES (reference)   
Mid SES 0.2 (0.01, 0.4) 0.04 
Low SES 0.5 (0.2, 0.7) <0.001 
 R2 = 0.49 4 <0.001 
1 Dependent variable is sodium intake in units of 390 mg/d (salt equivalent 1 g/d) 
and independent variable is socioeconomic status entered as an indicator variable: 
high SES is the reference category 
2 SES as defined by the highest level of education attained by the primary caregiver  
3 Adjusted for gender, age, energy intake and BMI 
4 R2 represents the adjusted coefficient of determination  
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Table 6.3. Association between socioeconomic status and dietary sodium intake (390 mg/d) (1 g/d salt) in Australian children and 
adolescents aged 2-16 years by age group (n = 4 487)1, 2 
Variable Age group (years) 
 2-3 (n = 1071) 4-8 (n = 1216) 9-13 (n = 1110) 14-16 (n = 1090) 
Unadjusted β (95% CI) P-Value β (95% CI) P-Value β (95% CI) P-Value β (95% CI) P-Value 
High SES (reference)         
Mid SES 0.3 (-0.1, 0.7) 0.11 0.2 (-0.1, 0.6) 0.17 0.2 (-0.2, 0.6) 0.319 0.1 (-0.6, 0.9) 0.73 
Low SES 0.2 (-0.1, 0.5) 0.29 0.5 (0.1, 1.0) 0.02 0.5 (-0.02, 1.0) 0.06 0.03 (-0.6, 0.7) 0.93 
 R2 = 0.005 0.27 R2 = 0.008 0.05 R2 = 0.004 0.16 R2 = 0.0002 0.93 
Adjusted3         
High SES (reference)         
Mid SES 0.4 (0.03, 0.7) 0.03 0.2 (-0.1, 0.4) 0.13 0.2 (-0.2, 0.6) 0.22 0.1 (-0.5, 0.6) 0.83 
Low SES 0.3 (-0.04, 0.5) 0.09 0.6 (0.2, 0.9) 0.001 0.6 (0.1, 1.0) 0.01 0.2 (-0.3, 0.6) 0.50 
 R2 = 0.32 4 <0.001 R2 = 0.37 <0.001 R2 = 0.36 <0.001 R2 = 0.51 <0.001 
1 Dependent variable is sodium intake in units of 390 mg/d (salt equivalent 1 g/d) and independent variable is socioeconomic status entered as an 
indicator variable: high SES is the reference category 
2 SES as defined by the highest level of education attained by the primary caregiver  
3 Adjusted for gender, energy intake and BMI 
4 R2 represents the adjusted coefficient of determination  
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Table 6.4. Association between parental income and dietary sodium intake (390 
mg/d) (1 g/d salt) in Australian children and adolescents aged 2-16 years           
(n = 4 251)1, 2 
Variable β (95% CI) P-Value 
Unadjusted   
$≥104 000 (reference)   
$52 000 to 103 999 -0.1 (-0.3, 0.2) 0.51 
$32 000 to 51 999 -0.2 (-0.4, 0.09) 0.19 
$0 to 31 999 0.3 (-0.1, 0.7) 0.18 
 R2 = 0.002 0.17 
Adjusted3   
$≥104 000 (reference)   
$52 000 to 103 999 0.2 (0.01, 0.4) 0.04 
$32 000 to 51 999 -0.01 (-0.2, 0.2) 0.88 
$0 to 31 999 0.1 (-0.1, 0.4) 0.38 
 R2 = 0.50 4 <0.001 
1 Dependent variable is sodium intake in units of 390 mg/d (salt equivalent 1 g/d) 
and independent variable is socioeconomic status entered as an indicator variable: 
high SES is the reference category 
2 Participants with missing information for parental income (n = 236) excluded 
3 Adjusted for gender, age, energy intake and BMI 
4 R2 represents the adjusted coefficient of determination 
 
Table 6.5 lists those sub-major food groups which contributed >1% to the groups’ 
total daily sodium intake.  Combined these 23 food groups accounted for 84.5% of 
total daily sodium intake.  Regular breads and bread rolls contributed the most 
sodium.  Moderate sources of sodium, contributing more than 4% of total sodium 
intake, included mixed dishes where cereal is the major ingredient (e.g. pizza, 
hamburger, sandwich, savoury rice and noodle based dishes), processed meat, 
gravies and savoury sauces, pastries, cheese, and breakfast cereals and bars.  
Compared to children of high SES, children of low SES had a significantly greater 
intake of sodium from processed meat, gravies and savoury sauce, pastries, breakfast 
cereals and bars, potatoes and potato snacks (e.g. potato crisps).  The percentage 
difference in sodium intake in each of these categories was 46%, 31%, 24%, 16%, 
39% and 46%, respectively.  Conversely, children of high SES background had a 
significantly greater intake of sodium from the group containing cakes, buns, 
muffins, scones, cake-type desserts; and the group described as batter-based 
Study Three: Salt intake and socioeconomic status in Australian children 
107 
products (e.g. pancakes, pikelet).  The percentage difference in sodium intake in 
each of these categories was 16% and 32%, respectively.   
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Table 6.5. Dietary sources of sodium intake in Australian children aged 2-16 years listed by their contribution to intake for the group 
and mean daily sodium intake by food group, by socioeconomic status1, 2 
Food Group 
 
 
Total sample 
(n=4 487) 
Low SES 
(n=1414) 
Mid SES 
(n=1583) 
High SES 
(n=1490) 
P-value3 
% contribution 
to total daily 
sodium intake 
Mean sodium 
(SD) mg/d 
Mean sodium 
(SD) mg/d 
Mean sodium 
(SD) mg/d 
Regular breads & bread rolls 13.4 340 (315) 330 (300) 324 (317) 0.26 
Mixed dishes where cereal is the major ingredient 8.7 214 (514) 256 (616) 172 (445) 0.07 
Processed meat4 7.6 216 (464) 180 (403) 168 (368) 0.02 
Gravies and savoury sauces5 6.5 182 (385) 166 (395) 139 (354) 0.01 
Pastries6 4.9 135 (400) 120 (352) 109 (345) 0.03 
Cheese 4.6 114 (209) 110 (190) 116 (186) 0.80 
Breakfast cereals and bars 4.2 113 (176) 101 (166) 97 (161) 0.03 
Dairy milk 3.9 95 (106) 94 (103) 100 (98) 0.25 
Herbs, spices, seasonings and stock cubes 3.7 114 (482) 75 (246) 90 (301) 0.31 
Sausages, frankfurts and saveloys 2.9 79 (259) 74 (136) 61 (201) 0.07 
Mixed dishes where poultry/game is the major 2.6 79 (268) 59 (194) 60 (238) 0.09 
Soup (prepared, ready to eat) 2.6 51 (288) 74 (379) 65 (282) 0.25 
English-style muffins, flat breads, and savoury 
b d
2.4 55 (158) 58 (180) 67 (181) 0.17 
Cakes, buns, muffins, scones, cake-type 
d
2.3 54 (153) 52 (144) 68 (176) 0.02 
Savoury biscuits 2.2 49 (136) 57 (147) 57 (152) 0.34 
Yeast, yeast, vegetable and meat extracts 2.0 47 (117) 55 (143) 45 (108) 0.70 
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Potatoes7 1.9 53 (128) 51 (127) 38 (106) 0.01 
Batter-based products8 1.7 38 (161) 37 (150) 50 (180) 0.05 
Potato snacks 1.7 51 (149) 40 (121) 35 (125) 0.03 
Pasta and pasta products 1.4 35 (142) 32 (130) 35 (138) 0.89 
Sweet biscuits 1.2 29 (64) 33 (72) 27 (62) 0.61 
Mixed dishes where beef, veal or lamb is the 
j
1.1 32 (175) 21 (116) 28 (56) 0.53 
Mature legumes and pulse products and dishes 1.0 21 (149) 21 (137) 35 (258) 0.12 
1 Includes those sub-major food group categories that contribute >1.0% of sodium to daily intake 
2 SES as defined by the highest level of education attained by the primary caregiver  
3 Means are compared between low and high SES using independent t-test 
4 includes ham, bacon and processed delicatessen meat 
5 includes pasta sauces and casserole bases 
6 Includes pies and sausage rolls 
7 Includes potato gems and wedges 
8 Includes pancakes and pikelets   
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6.4 Discussion 
In a nationally representative sample of Australian children aged 2-16 years, it was 
found that children of low SES background consumed 9% more dietary sodium than 
those of high SES background.  The inverse association between SES and sodium 
intake was primarily driven by the association in children aged 4-13 years 
particularly after adjustment for the important covariates age, gender, energy intake 
and BMI.  In adult studies, low SES has been associated with more frequent 
consumption of high salt foods, such as soup, sauces, ready to eat meals, savoury 
seasonings, sausages and potato (Purdy et al. 2002, Van der Veen et al. 1999).  
Given parental control over children’s food choices during these years, it is likely 
that SES disparities in adult food choices relating to high salt foods may filter down 
into children’s eating practices.  This study found no association between SES and 
sodium intake in 2-3 and 14-16 year olds.  Although some evidence indicates 
socioeconomic disparities in dietary patterns may be present during infancy (Okubo 
et al. 2012), it is possible such early differences may not be seen in dietary patterns 
with the restricted range of food types.  In the case of adolescents, as autonomy over 
food choices increases, other factors, such as peer-influence, taste and eating away 
from the home (Story et al. 2002) may become more prominent determinants of 
dietary intake.   
 
Using data from the US National Health and Nutrition Examination Survey 
(NHANES), Mazur et al. (2003) explored the association of SES, as indicated by 
head of household education status and household income, on sodium intake in 
Hispanic children aged 4-16 years.  Interestingly, in this study lower levels of 
education were associated with lower sodium intake (Mazur et al. 2003).  This is 
contrary to the present findings as well as past studies, which generally link lower 
SES to overall poorer dietary outcomes (Darmon and Drewnowski 2008).  In the 
present study there was no association between sodium intake and level of income, 
however low income bands were underrepresented.  This is in contrast to the 
findings in Hispanic children, where low household income was associated with a 
greater intake of dietary sodium (Mazur et al. 2003).  In a New Zealand food survey, 
low cost “home brand” labelled food products were found to contain greater 
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quantities of sodium than the more expensive branded food products (Monro et al. 
2004).  The impact of income on sodium intake in Australian children remains 
unclear and further research is required.   
 
Previous studies in children have reported socioeconomic differences in the 
consumption of certain food groups (Lioret et al. 2010, Sausenthaler et al. 2011).  
For example, in European children of low SES background, greater intake of starchy 
foods, meat products, savoury snacks such as hamburgers, sugar and confectionary, 
pizza, desserts and soft drinks have been reported (Lioret et al. 2010, Sausenthaler et 
al. 2011).  In the present study those food groups which were found to contribute 
more sodium to the diets of low SES children tended to include convenience style 
foods (i.e. pies/sausage rolls; savoury sauces casserole base sauces; fried prepared 
potato; processed meat; potato snacks).  Comparably, children of high SES 
background consumed greater amounts of sodium from cake and baked type 
products.  However a significant amount of sodium in baked products can be in 
sodium bicarbonate rather than in the form of sodium chloride. Sodium bicarbonate, 
unlike sodium chloride, has not been directly associated with adverse blood pressure 
outcomes (Luft et al. 1990, Schorr et al. 1996).   
 
With reference to sodium intake data by age group (Department of Health and 
Ageing et al. 2008b) and comparison to the recommended daily Upper Limit of 
sodium (National Health and Medical Research Council 2006) it is evident that 
Australian children of all ages across all SES backgrounds are consuming too much 
dietary sodium.  However, for the first time the findings from this study indicate that 
socioeconomic disparities exist in sodium intake in Australian children aged 9-13 
years.  To reduce sodium intake in children a comprehensive approach is required, 
firstly targeting food policy, to encourage product reformulation of lower sodium 
food products across all price ranges within the food supply.  Secondly, consumer 
education and awareness campaigns, that encourage food choices which are based 
on fresh products with minimal processing; this may require strategies that equip 
parents with enhanced food preparation skills and knowledge of the ‘hidden’ salt 
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added to many commonly eaten processed foods.  Furthermore, it is apparent that 
these strategies need to reach lower SES groups.  
 
The major strengths of this study include the use of a large nationally representative 
sample of Australian children, with comprehensive and standardised collection of 
dietary intake.  Limitations of the study include the use of a 24-hr dietary recall 
which fails to capture the amount of salt coming from salt added at the table and 
during cooking and therefore is likely to be an underestimation of the true value of 
salt intake (Loria et al. 2001).  The majority (77%) of dietary sodium consumed is 
from salt added to processed foods, whilst a smaller amount (11%) has been found 
to be derived from salt added at the table and during cooking (Mattes and Donnelly 
1991).  In the present study, the higher intake of sodium reported in children from 
low SES background is attributable to differences in sodium intake from food 
sources only.  In a previous analysis of these data (presented in Study two, Chapter 
five) it was found that children from low SES background (25%) were more likely 
to report adding salt at the table than children from high SES (33%) (Grimes et al. 
2011).  Thus, it is likely that children of low SES background are consuming greater 
amounts of total daily sodium than reported in the present analysis. 
 
6.5 Conclusion 
In summary, the findings of higher salt intakes in children of lower SES 
background, within in a nationally representative sample, provides focus for concern 
regarding salt related disease across the life course.  In adults low SES is a major 
contributor to cardiovascular disease and this higher intake of sodium during 
childhood may contribute to the higher incidence of CVD in this group in later life.  
To reduce socioeconomic inequalities in health, interventions need to begin early in 
life and should include product reformulation of lower sodium food products across 
all price ranges, as well as consumer education and awareness campaigns which 
reach low SES groups  
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Chapter Seven 
7. Study Four: 
Dietary salt intake, sugar-sweetened beverage consumption and obesity risk 
in Australian children and adolescents4 
7.1 Introduction 
In 2007-08 a quarter of Australian children aged 5-17 years were overweight or 
obese (Australian Bureau of Statistics 2009).  Greater consumption of sugar-
sweetened beverages (SSBs) is associated with obesity risk in children and 
adolescents (de Ruyter et al. 2012, Ebbeling et al. 2012, Malik et al. 2006, Olsen and 
Heitmann 2009, Vartanian et al. 2007).  Emerging evidence suggests that a 
reduction in dietary salt intake may reduce SSB consumption (He et al. 2008c).  The 
mechanism behind this relationship lies in the homeostatic trigger of thirst, in 
response to the ingestion of dietary salt (McKinley and Johnson 2004, Stachenfeld 
2008).  After the consumption of dietary salt there is a subsequent rise in plasma 
sodium concentration and to maintain body fluid homeostasis, thirst is stimulated, 
thus promoting fluid intake. (Karppanen and Mervaala 2006, Stachenfeld 2008).  
The association between salt and fluid consumption has been demonstrated in 
experimental studies in animals (Cowley et al. 1986, Gilman 1937, Stricker et al. 
2003) and adults (He et al. 2001).  In an environment where soft drinks are readily 
available, a high salt diet may encourage greater consumption of soft drinks in 
children (Karppanen and Mervaala 2006).  In a national survey of British children 
aged 4-18 years, dietary salt intake was positively associated with total fluid 
consumption, and there was a weak, but statistically significant positive association 
with SSB consumption (He et al. 2008c).  To date there has been no other study 
utilising a representative population sample of children to confirm these findings.   
 
                                                 
4 The manuscript arising from this chapter can be found in Pediatrics.  Grimes et al. 2012, ‘Dietary 
salt intake, sugar-sweetened beverage consumption, and obesity risk’, Pediatrics, vol. 131, pp. 14-21. 
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7.2 Aims 
Therefore the aims of the present study were i) examine the association between 
dietary salt intake and overall fluid consumption, as well as SSB consumption ii) 
examine the association between SSB consumption and weight status, in a nationally 
representative sample of Australian children and adolescents aged 2-16 years. 
 
7.3 Methods 
7.3.1 Study design 
This study is based on data from the 2007 Australian National Children’s Nutrition 
and Physical Activity Survey (ANCNPAS).  See Chapter three methods.  
 
7.3.2 Subjects 
See Chapter three methods.   
 
7.3.3 Dietary intake 
See Chapter three methods.   
 
7.3.4 Number of days of dietary intake data 
In this analysis data from two 24-hr dietary recalls was utilised.  As SSBs are an 
episodically consumed food the average of two days of data were used to reflect 
usual intake of individuals.   
 
7.3.5 Assessment of total fluid and SSB consumption 
Total fluid (g) included all sources of fluid consumed either as a beverage or that 
added to meals/recipes.  Consistent with the Dietary Guidelines for Americans, 2010 
the definition of SSB included sugar-sweetened soda, cordial, fruit drinks, flavoured 
mineral waters, sports and energy drinks (US Department of Agriculture and US 
Department of Health and Human Services 2010).  Consistent with the methodology 
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used to collect dietary data in the 2007 ANCNPAS, and the AUSNUT2007 food 
composition database which lists nutrient data per 100 grams, the unit of 
measurement for total fluid and SSB is expressed as grams. 
 
7.3.6 Assessment of under-reporting 
The Goldberg cut-off method identified 204 participants (4.5%) as under-reporters.  
These were excluded from the analysis.  See Chapter three methods.   
 
7.3.7 Potential confounders 
Physical activity 
Physical activity was objectively measured in participants aged 5-16 years              
(n =  2939, 79% of sample) using the New Lifestyles 1000 pedometer.  Participants 
were instructed to wear the pedometer from the time of rising in the morning until 
going to bed at night.  From this data the average time spent in minutes/day on 
moderate to vigorous physical activity (MVPA), equivalent to > 3 metabolic 
equivalents (METS), was calculated.  Only those participants that wore the 
pedometer for a minimum of 6 days were included in the analysis adjusted for 
physical activity (n =  2304). 
 
Socioeconomic status 
See Chapter three methods.   
 
7.3.8 Statistical analysis 
Statistical analyses were completed using STATA/SE 11 (StataCorp, College 
Station, Texas, USA) and PASW Statistics 17.0 (PASW Inc, Chicago, IL, USA).  A 
P-value of <0.05 was considered significant.  To account for the complex sample 
design, analyses were completed with the STATA svy command, using cluster 
variable (post code), stratum variable (region) and population weightings (age, 
gender, region).  Data are presented as mean (SD) or number (% weighted) where 
appropriate.  An independent t-test was used to compare the mean of continuous 
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variables and a Pearson chi-squared test (χ2) was used to assess differences in 
categorical variables.  Pearson’s correlation coefficient was used to assess the 
association between dietary salt intake and i) total fluid consumption ii) SSB 
consumption.  Multiple regression analysis was used to adjust for potential 
confounding variables.  The salt and fluid consumption model was adjusted for age, 
gender, SES and body mass index (BMI).  Additional adjustment for physical 
activity was completed in those 5-16 year olds with available physical activity data 
(n = 2304).  To further control for the confounders of age and gender, the regression 
analysis was stratified firstly by gender, and secondly by age group.   
 
Participants were categorised as SSB consumers if they reported consuming some 
SSB (>0 g/d) over the two 24-hr dietary recall periods.  As 38% (n = 1712) of 
participants did not consume any SSB this created a highly negative skewed variable 
for SSB g/d.  Thus, the association between salt intake and SSB consumption was 
assessed within a sub-sample of participants, including only those participants who 
were classified as SSB consumers (n = 2571).  This model was adjusted for age, 
gender, SES and energy derived from sources other than SSB (i.e. total energy 
intake minus energy from SSBs).  Given that the outcome variable, SSBs, are a 
source of energy, controlling for total energy (kJ/d) would over adjust within the 
model.  Therefore, the partition method was used to adjust for energy, which 
includes only the energy (kJ/d) that is derived from sources other than SSB (i.e. total 
energy intake minus energy from SSBs).  Additional adjustment for physical activity 
was completed in those 5-16 year olds with available physical activity data (n = 
1511).  Additional age and gender stratification was not completed for the salt and 
SSB model due to low numbers in each group within this sub-sample.  Data from 
linear regression are presented as regression coefficient (β) with 95% confidence 
interval (CI), corresponding P-values and the coefficient of determination (R2).   
 
The association between SSB consumption and weight status was assessed using 
binary logistic regression.  Participants were dichotomised into two weight 
categories i) ‘healthy weight’ and ii) ‘overweight/obese’, which included both 
overweight and obese participants.  For this analysis those participants who fell into 
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the very underweight (n = 32) and underweight (n = 179) categories were excluded.  
The consumption of SSB was grouped into number of servings (1 serving size = 250 
g).  Based on average level of consumption of SSB across the two days of 24-hr 
recall, participants were grouped into one of the three following categories: no 
servings (i.e. 0 g), <1 serving (i.e. 1 g – 249 g) or > 1 serving (i.e. ≥250 g).  
Adjustment was made for gender, age, SES and energy derived from sources other 
than SSB and physical activity in 5-16 year olds.  Data are presented as odds ratio 
(OR) with 95% CI and corresponding P-values.  For this particular analysis, a 
sensitivity analysis was performed whereby no under-reporters were excluded.   
 
7.4 Results 
7.4.1 Demographic characteristics and nutrient intake 
Basic characteristics of the 4283 participants are listed in Table 7.1 .  Sixty two 
percent of all participants reported consuming SSBs.  Gender was not associated 
with SSB consumption, however age and SES were both significantly associated 
with SSB consumption (both P <0.001).  The proportion of children consuming 
SSBs increased with age, and children of low SES were more likely to consume 
SSBs than those children of high SES.  Consumers of SSBs were more likely to be 
overweight and obese than non-consumers of SSBs (P <0.05).   
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Table 7.1. Demographic characteristics and dietary intake of SSB consumers vs. non-consumers (n = 4 283) 
Demographic characteristic or 
dietary component 
Total sample SSB consumer Non-consumer P-value1 
n (%) n (%) n (%)  
Participant no.  4283  2 571 (61.6%) 1 712 (38.4%)  
Gender     
   Male  2170 (51.7%) 1335 (63.2%) 835 (36.8%) 0.12 
   Female 2113 (48.3%) 1236 (59.9%) 877 (40.1%)  
Age group     
   2-3 years 1057 (12.8%) 469 (44.8%) 588 (55.2%) <0.001 
   4-8 years 1208 (35.2%) 702 (57.0%) 506 (43.0%)  
   9-13 years 1058 (33.1%) 744 (69.6%) 314 (30.4%)  
   14-16 years 960. (18.9%) 656 (67.6%) 304 (32.3%)  
SES category     
   Low 1342 (34.1%) 892 (68.2%) 450 (31.8%) <0.001 
   Mid 1506 (35.6%) 975 (65.3%) 531 (34.7%)  
   High 1435 (30.3%) 704 (51.9%) 731 (48.2%)  
Weight classification2     
   Very underweight 32 (0.7%) 23 (0.8%) 9 (0.6%) <0.05 
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   Underweight 179 (4.2%) 99 (3.8%) 80 (5.0%)  
   Healthy weight 3193 (74.3%) 1900 (73.7%) 1293 (75.1%)  
   Overweight 697 (16.3%) 423 (16.4%) 274 (16.1%)  
   Obese 182 (4.5%) 126 (5.3%) 56 (3.2%)  
Salt intake (g/d), mean (SD)3 6.3 (2.6) 6.5 (2.6) 5.8 (2.4) <0.001 
Fluid intake (g/d), mean (SD) 1438 (607) 1510 (628) 1321 (554) <0.001 
Energy intake (kJ/d), mean (SD) 8296 (2507) 8579 (2543) 7843 (2378) <0.001 
1 P-values determined using χ2 and independent t-test 
2 Weight classification based on the International Obesity Task Force BMI reference cut-offs (Cole 2000, Cole et al. 2007) 
3 Salt equivalents (1 g = 390 mg sodium) 
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7.4.2 Dietary salt intake and the association with fluid consumption 
The mean dietary salt intake (salt equivalents) was approximately 6 g/d and fluid 
intake approximately 1440 g/d.  Salt intake increased with age, from 4.3 (SD 1.5) 
g/d in 2-3 year olds to 8.1 (SD 3.2) g/d in 14-16 year olds.  Similarly, fluid 
consumption increased with age, from 1064 (SD 374) g/d in 2-3 year olds to 1799 
(SD 752) g/d in 14-16 year olds.  There was a positive correlation between salt 
intake and total fluid consumption (r = 0.42, P <0.001), each additional 1 g/d of salt 
was associated with a 92 g/d greater intake of total fluid, and salt intake alone 
accounted for 15% of the variance in fluid consumption (Figure 7.1 a).  This 
association remained significant after adjustment for age, gender, SES and BMI 
whereby each additional 1 g/d of salt was associated with a 46 g/d greater intake of 
total fluid (Figure 7.1 b).  Additional adjustment for time spent in moderate and 
vigorous physical activity in 5-16 year olds (n = 2304) did not significantly alter this 
association (Figure 7.1 c).  When stratified by gender and age group the association 
between salt and fluid consumption remained significant in boys and girls, and each 
age group (Figure 7.1 d) (complete tabulated results of the regression analysis is 
shown in Appendix G). 
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Figure 7.1. The association between dietary salt intake (g/d) and total fluid consumption (g/d)        
in Australian children and adolescents aged 2-16 years, by gender and age group (n = 4 283) 
a) Unadjusted1, 2, 3  
 
 
1 In all models: dependent variable = fluid consumption (g/d) and independent variable = salt intake (g/d) 
2 Data lines represent β coefficient with 95% CI 
3 All models statistically significant P <0.001 
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b) Adjusted models for age, gender, SES, BMI1, 2, 3 
  
1 In all models: dependent variable = fluid consumption (g/d) and independent variable = salt intake (g/d) 
2 Data lines represent β coefficient with 95% CI 
3 All models statistically significant P <0.001 
4 Adjusted for age, gender, SES and BMI 
5 Adjusted for age, SES and BMI 
6 Adjusted for gender, SES and BMI 
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c) Adjusted for age, gender, SES, BMI, minutes spent in MVPA1, 2, 3, 4 
 
MVPA, moderate to vigorous physical activity 
1 In all models: dependent variable = fluid consumption (g/d) and independent variable = salt intake (g/d) 
2 Data lines represent β coefficient with 95% CI 
3 All models statistically significant P <0.001 
4 Completed within sub-sample of participants with physical activity data available.  Analysis not completed in 2-3 year olds as physical activity 
was not measured in this age group 
5 Model adjusted for age, gender, SES, BMI, time spent in MVPA 
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6 Model adjusted for age, SES, BMI, time spent in MVPA 
7  Model adjusted for gender, SES, BMI, time spent in MVPA 
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7.4.3 Dietary salt intake and the association with SSB consumption 
In those participants that consumed SSBs (n = 2571), the average intake of SSB was 
248 (SD 233) g/d.  In these SSB consumers the average intake of SSB increased 
with increasing age: 2-3 years 114 (SD 115) g/d; 4-8 years 169 (SD 157) g/d; 9-13 
years 279 (SD 217) g/d and 14-16 years 373 (SD 314) g/d.  Within this sub-sample 
of SSB consumers there was a positive correlation between salt intake and SSB 
consumption (r = 0.35, P <0.001).  Each additional 1 g/d of salt was associated with 
a 30 g/d greater intake of SSB and salt intake alone accounted for 11% of the 
variance in SSB consumption (Figure 7.2).  After adjustment for age, gender, SES 
and energy derived from sources other than SSB, the association remained 
significant and each additional 1 g/d of dietary salt was associated with a 17 g/d 
greater intake of SSB Figure 7.2 (complete tabulated results of the regression 
analysis is shown in Appendix G). 
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Figure 7.2. The association between dietary salt intake (g/d) and SSB 
consumption (g/d) within consumers of SSBs in Australian children and 
adolescents aged 2-16 years (n = 2571)1, 2 
 
1 In all models: dependent variable = SSB consumption (g/d) and independent 
variable = salt intake (g/d) 
2 All models are statistically significant P <0.001 
Model a is unadjusted 
Model b is adjusted for age, gender, SES, energy derived from sources other than 
SSB 
Model c is adjusted for age, gender, SES, energy derived from sources other than 
SSB, minutes spent in MVPA and completed within sub-sample of participants with 
physical activity data available (n = 1511) 
 
7.4.4 SSB consumption as a predictor of weight status 
Seventy six percent, 18% and 6% of participants were classified as healthy weight, 
overweight and obese, respectively.  A greater proportion of children who consumed 
more than 1 serve of SSB (i.e. ≥250 g) were classified as overweight or obese, 
compared to those children who consumed no SSB, 25.6% vs. 20.4%, respectively 
(Figure 7.3, P <0.05).  Children who consumed more than one serving of SSB were 
34% (P = 0.01) more likely to be overweight/obese (Table 7.2).  This association 
remained significant after adjustment for age, gender, SES and energy derived from 
sources other than SSB.  In the sub-sample of 5-16 year olds with physical activity 
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data (n = 2180), after adjustment for time spent in moderate or vigorous physical 
activity (MVPA), the association between SSB consumption and overweight/obesity 
risk was no longer significant.  There was no association between weight status and 
those children who consumed up to only one serving of SSB.  In a sensitivity 
analysis, where under-reporters were included (n=4275), the association between 
SSB consumption and overweight/obesity risk was not significant in adjusted 
models (complete results are shown in Appendix H).  However, there was a highly 
significant association between weight status and under-reporting (Appendix H), 
whereby overweight/obese children were more likely to be classified as under-
reporters than healthy weight children, 13.1% (n=129) vs. 2.2% (n=74), respectively 
(P<0.001). 
 
Figure 7.3. Proportion (%) of Australian children and adolescents aged 2-16 
years who are of healthy weight or overweight/obese according to consumption 
of SSBs (n = 4072)1 
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Table 7.2. Association between SSB consumption and weight status (healthy weight vs. overweight/obese) in Australian children and 
adolescents aged 2-16 years (n = 4072)1, 2, 3 
SSB serving 
(250g) 
n (weighted %) Unadjusted Adjusted for age, gender, SES, 
energy derived from sources other 
than SSB 
Adjusted for age, gender, SES, 
energy derived from sources other 
than SSB, MVPA4 
  OR 95% CI P-value OR 95% CI P-value OR 95% CI P-value 
no servings 1 623 (38.2)          
≤ 1 serving 1 587 (39.0) 1.03 (0.85, 1.27) 0.74 0.99 (0.82, 1.21) 0.94 0.92 (0.68, 1.25) 0.59 
>1 serving 862 (22.8) 1.34 (1.12, 1.60) 0.01 1.26 (1.03, 1.54) 0.03 1.22 (0.90, 1.68) 0.20 
MVPA, moderate to vigorous physical activity 
1 In all models dependent variable is ‘healthy weight’ vs. ‘overweight/obese’ and independent variable is number of daily servings (250 g) of 
SSB 
2  Underweight participants’ (n = 211) have been excluded from this analysis 
3 All models statistically significant P <0.001 
4 Includes only those participants aged 5-16 years where physical activity data was available (n = 2180)
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7.5 Discussion 
In this 2007 nationally representative survey of Australian children aged 2-16 years, 
it was found that the amount of dietary salt consumed was positively associated with 
overall fluid consumption, and the amount of SSB consumed in SSB consumers.  
Approximately 60% of Australian children consumed SSBs, this is lower than that 
observed in US children (80%) (Wang et al. 2008).  Consistent with studies from 
Europe and the US this study found older children (Bere et al. 2007, Forshee and 
Storey 2003, Grimm et al. 2004) and those from lower SES background (Nilsen et 
al. 2009, Vereecken et al. 2005) were more likely to consume SSBs.   
 
This is the second study to examine the association between dietary salt intake, fluid 
and SSB consumption in children and adolescents in a large population study.  It 
was found that 1 g/d of dietary salt was associated with 46 g/d greater intake of total 
fluid.  Similarly in a nationally representative sample of British children aged 4-18 
years He et al (2008c) found salt intake was positively associated with total fluid 
consumption.  These findings are consistent with experimental evidence in animals 
showing increased ad libitum drinking behaviour when consuming a diet high in salt 
(Gamble et al. 1928, Stricker et al. 2003) and adults having a lower total urinary 
output (a measure of fluid consumption) when reducing dietary salt intake. (He et al. 
2001).  In children on relatively high salt intakes, experiencing a drive for fluid 
where there is ready access to SSB, may influence greater consumption of SSBs.   
 
Among consumers of SSBs, each additional 1 g/d of salt was associated with a 17 
g/d greater intake of SSB, adjusted for confounders, and dietary salt alone explained 
11% of the variance in SSB consumption (He et al. 2008c).  In view of the wide 
ranging determinants of eating behaviours (Patrick and Nicklas 2005) this finding 
emphasises the potential role of salt reduction in lowering SSB consumption.  In the 
previous study completed in British children the magnitude of the association 
reported between dietary salt and SSB intake was slightly greater, each additional 1 
g/d of dietary salt consumed was associated with a 27 g/d greater intake of SSB 
(adjusted for age, gender, body weight) (He et al. 2008c).  The discrepancy between 
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these results may be explained by the adjustment of additional confounders within 
the present analysis (SES and energy derived from sources other than SSB) or due to 
differences in dietary assessment methods, or between country differences in dietary 
patterns.   
 
In addition this study found a weak positive association between SSB consumption 
and risk of being overweight or obese.  Participants who consumed more than 1 
serving of SSB were 26% more likely to be overweight or obese, however this 
association was no longer significant after additional adjustment for physical 
activity.  The lack of association after adjustment for physical activity may in part be 
explained by the reduced sample size and therefore reduced statistical power for this 
analysis.  Despite some inconsistencies in previous studies examining the 
association between SSB consumption and obesity risk in children and adolescents 
(Ebbeling 2006, Libuda et al. 2008, Valente et al. 2010, Vanselow et al. 2009), 
findings from two recent randomized controlled trials indicate that a reduction in 
SSB consumption slows weight gain in overweight or obese adolescents (Ebbeling 
et al. 2012) and healthy weight children (de Ruyter et al. 2012).  Inconsistent 
findings across studies may be explained by discrepancies in definitions of SSBs, 
differing age cohorts, varying study designs and duration, and the adjustment for 
varying confounders.   
 
The predicted β coefficient of change in SSB consumption for a 1 g/d change in salt 
intake (i.e. 17 g of SSB) within consumers of SSBs is reasonably small, and thus the 
significance of a reduction in SSB of this magnitude might be considered to be 
negligible.  However, at the population level, the importance of minor dietary 
changes in improving nutritional intakes (Paineau et al. 2010) and health outcomes 
(Lloyd-Williams et al. 2009) should not be underestimated.  The current assessed 
dietary salt intake of Australian children (Department of Health and Ageing et al. 
2008a), which excludes discretionary use of salt at the table or in cooking, far 
exceeds dietary recommendations (National Health and Medical Research Council 
2006).  On average a 5 g/d reduction in dietary salt is needed to take Australian 
children to the Adequate Intake level.  Based on our regression analysis, a reduction 
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in salt of this magnitude would predict an 85 g/d reduction in SSB consumption 
within SSB consumers, equivalent to a 120 kJ/d reduction in energy intake.  Over 
the life course minor changes in energy balance can increase the risk of obesity 
(Ebbeling et al. 2002, Wang et al. 2006).  Thus salt reduction strategies combined 
with other SSB reduction strategies may help to reduce energy intake and could be 
useful in obesity prevention efforts.  In summary both this study and that of He et al. 
(2008c), completed in large nationally representative samples of children from 
Australian and Great Britain (He et al. 2008c), show a modest positive association 
between dietary salt intake and SSB consumption, with strikingly similar results 
between the two population groups.   
 
The study also has a number of limitations; firstly, the 24-hr dietary recall fails to 
capture the amount of salt coming from salt added at the table and during cooking, 
and as such is likely to be an underestimation of the true value of salt intake (Loria 
et al. 2001) as discretionary salt use appears to be relatively common in Australian 
children (see Study two, Chapter five) (Grimes et al. 2011).  Despite the rigorous 
collection of dietary data within the 2007 ANCNPAS (Department of Health and 
Ageing 2010), it is well understood that under-reporting of energy intake is a 
common limitation of 24-hr dietary recalls (Gibson 2005).  Furthermore as under-
reporting is more likely to occur in overweight or obese children and adolescents 
(Margarey et al. 2011) this may distort results where adiposity is included as an 
outcome measure.  In a sensitivity analysis it was found that overweight/obese 
children were more likely to under-report than healthy weight children.  This bias 
may explain why when under-reporters were not excluded the association between 
SSB consumption and overweight/obesity risk was no longer significant.  In 
contrast, when under-reporters were identified and excluded using the Goldberg cut-
off method there was a significant positive association between SSB consumption 
and overweight/obesity risk.  This discrepancy in findings, demonstrates the 
importance of minimising bias from unreliable data due to under-reporting.  
Secondly this study utilised data from 24-hr dietary recalls, however, a validated 
food model booklet was used during dietary recalls to assist participants in 
estimating portion sizes of beverages (Department of Health and Ageing (DoHA). 
2010).  In addition it is possible seasonal variation may influence fluid consumption, 
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but three seasons were represented as data was collected over a six month period 
which captured summer, autumn and winter.  It is acknowledged that due to the 
cross-sectional nature of this study no causality can be drawn and that observed 
associations may in part be due to a clustering of dietary behaviours, a component of 
which relates to access to specific foods in the home environment.  The consumption 
of sugar-sweetened soft drink is associated with reduced vegetable (Ranjit et al. 
2010) and milk consumption (Harnack et al. 1999) (typically low salt foods) and 
higher consumption of fast foods (Bowman et al. 2004, Paeratakul et al. 2003), and 
fried meats and fried snacks (e.g. hamburgers and French fries) (Ranjit et al. 2010) 
(typically high salt foods).  Thus it is possible that some of the association reported 
in the present study is a result of the overall clustering of ‘unhealthy’ dietary 
behaviours.  The major strengths of this study include the use of a large nationally 
representative sample of Australian children and adolescents, with comprehensive 
and standardised collection of dietary intake, anthropometric and demographic data.  
 
7.6 Conclusion 
In conclusion, the consumption of SSBs is relatively common in Australian children 
aged 2-16 years, and dietary salt intake was positively associated with overall fluid 
consumption.  Furthermore, within consumers of SSBs, dietary salt intake predicted 
SSB consumption and SSB consumption was associated with an increased risk of 
obesity, where consuming more than one serving of SSB was associated with 
increased risk of being overweight or obese.  Therefore in addition to the known 
benefits of salt reduction on reducing blood pressure, a reduction in salt intake in 
children may assist in reducing the amount of SSB consumed, which in turn may 
lower childhood obesity risk. 
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Chapter Eight 
8. Study Five: 
Dietary sodium intake and the association with overall fluid and sugar-
sweetened beverage consumption in US children and adolescents aged 2-18 
years: NHANES 2005-20085 
8.1 Introduction 
In the United States (US) childhood obesity is a major public health problem.  In 
2009-2010 among children and adolescents aged 2-19 years it was estimated that 
15% were overweight and 17% were obese (Ogden et al. 2012).  SSB consumption 
in children has been identified as a contributor in the development of childhood 
obesity (Ludwig et al. 2001, Malik et al. 2006, Olsen and Heitmann 2009, Vartanian 
et al. 2007). Recent evidence in children suggests that a high dietary sodium intake 
may be associated with obesity risk, mediated by increased sugar-sweetened 
beverage consumption (SSB) (He et al. 2008c).  Data from the 1997 National Diet 
and Nutrition Survey for young people in Great Britain and a nationally 
representative sample of Australian children indicated a positive association 
between dietary sodium intake and overall fluid consumption, as well as SSB 
consumption (see Study four, Chapter seven) (Grimes et al. 2012, He et al. 2008c).   
 
Given the ubiquity of sodium within the US food supply (Institute of Medicine 
2010) and existing evidence identifying SSB consumption as a correlate of 
childhood obesity (de Ruyter et al. 2012, Ebbeling et al. 2012, Malik et al. 2006, 
Olsen and Heitmann 2009, Vartanian et al. 2007) investigation of the association 
between dietary sodium and SSB consumption within US children and adolescents 
is warranted.   
 
 
                                                 
5 The manuscript corresponding to this study chapter is currently under peer-review at the American 
Journal of Clinical Nutrition. 
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8.1.1 Aims 
The aim of the present study was to examine the association between dietary 
sodium, total fluid, and SSB consumption, in a nationally representative sample of 
US children and adolescents aged 2-18 years.   
 
8.2 Methods 
8.2.1 Study design 
The National Health and Nutrition Examination Survey (NHANES) is a continual 
nationally representative survey designed to assess the health and nutritional status 
of the non-institutionalized US civilian population.  The cross-sectional survey 
utilises a complex, multistage, probability sampling procedure, with oversampling of 
selected subpopulations in order to provide reliable estimates.  During the period 
2005/06 certain subgroups were oversampled to provide more reliable estimates: 
low-income persons, adolescents 12-15 years and 16-19 years, persons 60 years and 
older, African Americans and Mexican Americans.  In 2007/08 oversampled groups 
were changed to include low income persons, African Americans, all Hispanics (not 
just Mexican Americans), and persons 60 years and older.  Full details of the 
sampling methodology and data collection procedures can be found elsewhere 
(Centers for Disease Control and Prevention and National Center for Health 
Statistics 2005).  For this analysis data from NHANES 2005-2008 were used.  To 
ensure adequate statistical power and produce statistically reliable estimates the 
combination of two survey cycles (i.e. NHANES 2005-2006 and NHANES 2007-
2008) is recommended (Centers for Disease Control and Prevention and National 
Center for Health Statistics 2005).  All participants provided written informed 
consent and the National Center for Health Statistics (NCHS) ethics review board 
approved the study (Centers for Disease Control and Prevention and National Center 
for Health Statistics 2011).   
 
8.2.2 Subjects 
Participants included in this analysis were children and adolescents aged 2-18 years.  
We excluded participants if they did not provide dietary data or did not meet the 
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reliable and minimum criteria set for dietary intake as determined by the NCHS      
(n = 472) (Centers for Disease Control and Prevention 2008a, Centers for Disease 
Control and Prevention 2010).  A further four participants who reported consuming 
no fluid over the 24-hr dietary recall period were excluded as this was deemed 
unreliable.  In addition participants with either missing data or a response of “I don’t 
know” for education status of the Head of Household, our marker for socioeconomic 
status (SES) (n = 260) or body mass index (BMI) (n = 80) were excluded.  This 
resulted in a final sample of 6400 participants.  
 
8.2.3 Data collection 
In brief NHANES participants complete an initial household interview, which 
collects demographic and general health information, followed by a Mobile 
Examination Centre (MEC) visit, which includes a dietary intake interview and 
anthropometric measurements.  In this analysis data collected during the household 
interview and the MEC examination was utilised.  In each survey cycle data is 
collected throughout the year i.e. Jan-Dec.  For each participant, NHANES codes the 
time period of data collection within one of two six month blocks, November 1st 
through to April 30th or May 1st through to October 31st.  We have utilised this 
variable as a marker for seasonal adjustment.    
 
8.2.4 Demographic characteristics   
During the household interview participants self-reported information on gender, 
age, race-ethnic group and other socio-demographic details.  Proxy assisted 
interviews were completed in participants aged 2-15 years.  Participants self-
reported race or ethnic group, and NHANES categories for race-ethnic group were 
utilised (Mexican American, Other Hispanic, Non-Hispanic White, Non-Hispanic 
Black and Other Race – Including Multi-Racial).  Due to the small sample size for 
Other Race, for this analysis we have combined the Other Race group with Other 
Hispanic.  The highest level of education attained by the Head of Household was 
used as a marker for SES.  Based on this each participant was grouped into one of 
three SES categories: i) low: includes those with some or no level of high school 
education (<9th grade and 9-11thgrade), ii) mid: includes those with high 
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school/grad/GED equivalent, or iii) high: includes those with some college or AA 
degree, College Graduate or above.   
 
8.2.5 Dietary intake 
Participants’ dietary intake was assessed via an in person computer–assisted, 24-hr 
dietary recall interview.  The dietary recall was administered by trained interviewers 
using the United States Department of Agriculture (USDA) automated multiple-pass 
method (US Department of Agriculture Agricultural Research Services 2010a).  In 
brief, participants are asked to list all food and beverages consumed in the 24-hr 
period from midnight to midnight on the day prior to the interview.  Dietary intake 
was recalled by a proxy in those 2-5 years, proxy assisted in 6-11 year olds and self-
reported in 12-18 year olds (Centers for Disease Control and Prevention 2006, 
Centers for Disease Control and Prevention 2008b).   
 
NHANES uses the USDA’s Food and Nutrient Database for Dietary Studies 
(FNDDS) to calculate nutrient intake from food and beverage data (US Department 
of Agriculture Agricultural Research Services 2010b, US Department of Agriculture 
Agricultural Research Services 2008).  The FNDDS uses food composition data 
from the USDA National Nutrient Database for Standard Reference (US Department 
of Agriculture Agricultural Research Services 2012)  In this analysis intake data for 
dietary sodium (mg/d) and energy (kcal/d) as calculated by NCHS is reported.  In 
NHANES, dietary sodium (mg/d) is adjusted for salt use in food preparation for 
foods likely to be prepared at home based on responses to the following question 
after the 24-hr dietary recall “How often is ordinary salt or seasoned salt added in 
cooking or preparing foods in your household? Is it never, rarely, occasionally, or 
very often?”  If the participant answered “rarely” or “never”, the amount of optional 
salt used in recipes was removed, if answered “occasionally”, half of the optional 
salt used in recipes was removed (Centers for Disease Control and Prevention 2010, 
Centers for Disease Control and Prevention 2008a).  Information relating to salt 
used in food preparation was recalled by a proxy in those 2-5 years, proxy assisted 
in 6-11 year olds and self-reported in 12-18 year olds (Centers for Disease Control 
and Prevention (CDC). 2006, Centers for Disease Control and Prevention (CDC). 
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2008).  Reported dietary sodium intake does not include salt added at the table.  In 
addition to sodium, the salt equivalent is reported, using the conversion 390 mg of 
sodium = 1 gram of salt (i.e. sodium chloride).  Given that dietary sodium is 
generally highly correlated to energy intake (Institute of Medicine 2010), sodium 
density (mg/1000 kcals) is also reported.  
 
8.2.6 Number of days of dietary intake data 
NHANES does collect a repeat 24-hr dietary recall, however the use of only one day 
of dietary intake data is routinely utilised in NHANES analyses (LaRowe et al. 
2007, O'Connor et al. 2006).  However, a sensitivity analysis was completed which 
included the average of two days of dietary intake data.  To include participants with 
two days of 24-hr dietary recall the following additional exclusions were made; did 
not meet the reliable and minimum criteria set for dietary intake as determined by 
NCHS on the 2nd day of recall (n=64); did not complete a 2nd 24-hr dietary recall 
(n=753); did not consume any fluid on the 2nd 24-hr dietary recall (n=3).  This 
resulted in a final analytical sample of n=5580.  This is a 13% reduction from the 
original sample size of n=6400.  
 
8.2.7 Assessment of total fluid and SSB consumption 
Total fluid intake includes all sources of fluid consumed either as a beverage or that 
added to meals/recipes.  The definition of SSBs included sugar-sweetened soda, 
vitamin waters, fruit ades, fruit drinks, flavoured mineral waters, sports and energy 
drinks (Grimes et al. 2012, Reedy and Krebs-Smith 2010a, US Department of 
Agriculture and US Department of Health and Human Services 2010), that 
contained ≥ 20 kcal/100 mL.  The FNDDS food group classification system was 
used to identify food groups that fell within the definition of fluid and SSB.  These 
food codes were used to aggregate data to calculate total fluid (g/d) and SSB (g/d).  
Consistent with the methodology used to collect dietary data in NHANES, and the 
FNDDS food composition database which lists nutrient data per 100 grams, total 
fluid and SSB intake is reported as grams.   
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8.2.8 Anthropometry 
Height and weight were measured using standardised protocols during the MEC 
visit (Centers for Disease Control and Prevention 2005, Centers for Disease Control 
and Prevention 2007c).  BMI was calculated as body weight (kg) divided by the 
square of body height (m2).  BMI was converted to age and gender adjusted z-scores 
using the least mean squares method and the 2000 Centers for Disease Control and 
Prevention growth reference charts (Centers for Disease Control and Prevention and 
National Center for Health Statistics. 2009, Vidmar et al. 2004). 
 
8.2.9 Physical activity 
Physical activity was assessed by questionnaire.  Data from four questions were 
used to create one continuous variable that describes the number of times 
participants engaged in vigorous intensity activity per week.  In both survey years, 
2005/06 and 2007/08, proxy respondents for children aged 2-11 years were asked 
“How many times per week does study participant play or exercise enough to make 
him/her sweat and breathe hard?” (Centers for Disease Control and Prevention 
2007a, Centers for Disease Control and Prevention 2009)  For this analysis, it is 
assumed this type of activity represents vigorous intensity.  Within 12-18 year olds 
the question relating to vigorous intensity activity varied between survey cycle 
years.  In 2005/06 12-18 year olds were asked “Over the past 30 days what vigorous 
activities did you do?” followed by “Over the past 30 days, how often did you do the 
activity?”  (Centers for Disease Control and Prevention 2007b).  The number of 
times the activity was engaged in the past 30 days was divided by four to represent 
the number of times the activity was completed per week.  In 2007/08, 12-18 year 
olds were asked “In a typical week, on how many days do you do vigorous-intensity 
sports, fitness or recreation activities?” (Centers for Disease Control and Prevention 
2009).  For the purposes of this analysis, the number of days per week was assumed 
to represent the number of times per week.  Participants with missing data or 
responded “I don’t know” or refused to answer (n = 723) were excluded from 
analyses adjusted for physical activity.  
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8.2.10 Statistical analysis 
All statistical analyses were completed using STATA/SE 12.0 (StatCorp, College 
Station, Texas, USA).  All analyses accounted for the complex survey design used in 
NHANES (i.e. clustering and stratification).  To produce nationally representative 
estimates and account for non-response, survey weights were applied.  In this 
analysis the Day 1 dietary weight (WTDRD1), which makes additional adjustment 
for non-response to the dietary component and day of the week dietary data is 
collected, was utilised.  As recommended in the NHANES Analytic Guidelines, a 
combined 4 year dietary weight was created by assigning ½ of the 2yr dietary 
weight for the respective survey cycle i.e. 2005/06 or 2007/08 (Centers for Disease 
Control and Prevention and National Center for Health Statistics 2005).  The 
significance level was set at P-value <0.05 for all statistical tests.   
 
Analyses were completed on the whole sample, followed by age group and gender 
stratification.  Participants were stratified into three age groups: i) 2-5 years, ii) 6-11 
years, and iii) 12-18 years.  For descriptive analyses results are presented as mean 
(SD) or n (% weighted).  Visual inspection of histograms was used to assess the 
distribution of continuous variables.  Independent t-tests were used to assess gender 
differences in mean dietary sodium intake, sodium density, fluid, and SSB intake.  A 
Pearson chi-squared test (χ2) was used to assess differences in categorical variables.  
For the main analysis, participants were categorised as SSB consumers if they 
reported consuming some SSB (>0g/d) over the 24-hr dietary recall period.  Non 
consumers of SSB reported consuming no SSB (0 g/d).  In sensitivity analyses to 
address more typical SSB intake, we alternatively defined SSB consumers as having 
reported consuming some SSB (>0g/d) in at least one of the two 24-hr dietary recall 
periods albeit in a smaller sample (n = 5580). 
 
Pearson correlation coefficients were calculated to assess the association between 
dietary sodium intake and i) total fluid consumption ii) SSB consumption.  Multiple 
regression analysis was used to adjust for potential confounding variables: age, 
gender, race-ethnic group, SES, BMI, season and physical activity, only those 
variables which exhibited significant bivariate associations with the dependent 
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variable were included in the final model.  Additional adjustment for the number of 
times per week engaged in vigorous intensity physical activity was only completed 
in the sub-sample of participants with available physical activity data (n = 5677).    
 
As 36% (n = 1957) of participants did not consume any SSB (i.e. 0 g/d) on the day 
of the survey, this resulted in a highly negative skewed variable for SSB (g/d).  
Hence, the analysis of dietary sodium intake and SSB consumption was completed 
within the sub-sample of participants who reported consuming SSBs (n = 4443).  
The SSB model was adjusted for age gender, race-ethnic group, SES and 
additionally for energy derived from sources other than SSB.  As neither season nor 
time spent in vigorous physical activity exhibited a significant bivariate association 
with SSB, these were not included in the multivariate model.  Given that the 
outcome variable, SSBs, are a source of energy, controlling for total energy (kcal/d) 
would over adjust within the model.  Therefore, the partition method was used to 
adjust for energy, which includes only the energy (kcal/d) that is derived from 
sources other than SSB (i.e. total energy intake minus energy from SSBs).  Results 
from linear regression analyses are presented as regression coefficients (β) with 95% 
CI, corresponding P-values and the coefficient of determination (R2).  The co-
efficient of determination is a measure of the goodness of fit of a regression model.  
It indicates how much of the variance in the dependent variable is explained by the 
independent variables in the model. 
 
8.3 Results 
8.3.1 Demographic characteristics and nutrient intake 
Table 8.1 describes the basic demographic characteristics along with intakes of 
dietary sodium, fluid and SSB of US children and adolescents.  Of the 6400 
participants 51.3% were male, and over half were Non-Hispanic White and had high 
SES.  The average dietary sodium intake of all participants aged 2-18 years was 
3056 (SD 1720) mg/d (salt equivalent 7.8 (SD 4.4) g/d).  Average sodium intake 
was higher with increasing age from 2246 (SD 966) mg/d (salt 5.7 (SD 2.5) g/d) to 
2997 (SD 1312) mg/d (salt 7.6 (SD 3.3) g/d) and 3545 (SD 519) mg/d (salt 9.0 (SD 
Study Five: Sodium and SSB intake in US children 
141 
5.4 g/d) in 2-5 year olds, 6-11 year olds and 12-18 year olds, respectively (P<0.001).  
Dietary sodium intake was significantly greater in males than females across all 
three age groups (Table 8.1, all P <0.05).  However, this difference was no longer 
significant when adjusting for energy intake (i.e. sodium mg/1000kcals)                 
(2-5 years P = 0.29; 6-11 years P = 0.76; 12-18 years P = 0.15).  
 
Total fluid consumption was higher as age increased from 1090 (SD 497) g/d, 1272 
(SD 638) g/d and 1961 (SD 1348) g/d in 2-5 year olds, 6-11 year olds and 12-18 
year olds (P <0.001), respectively, and was significantly greater in males in each age 
group (Table 8.1, all P <0.05).  Sixty four percent of overall participants (n = 4447) 
reported consuming SSBs.  The likelihood of consuming SSBs was significantly 
higher as age increased, with SSB consumption reported in 53%, 66% and 69% of 2-
5 year olds, 6-11 year olds and 12-18 year olds (P <0.001).  In adolescents, males 
were more likely to report consuming SSBs (Table 8.1, P <0.05).  Among only 
consumers of SSBs (n = 4447), the average daily intake of SSB was 344 (SD 291) 
g/d; 512 (SD 394) g/d and 843 (SD 755) g/d in 2-5 year olds, 6-11 year olds and 12-
18 year olds, respectively.  The amount of SSB consumed was significantly greater 
in males than females, within the 6-11 (P < 0.01) and the 12-18 (P <0.001) year old 
age groups (Table 8.1).   
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Table 8.1. Demographic characteristics and intake of dietary sodium, fluid and SSB in US children and adolescents aged 2-18 years by 
gender and age group: NHANES 2005-2008 (n = 6400) 
Characteristic Total Age group (years) 
2-5 6-11 12-18 
Male Female Male Female Male Female 
Participants1 6400 856 (53%) 773 (47%) 1000 (49%) 1050 (51%) 1374 (52%) 1347 (48%) 
Age (y)2 10.1 (4.9) 3.5 (1.1) 3.5 (1.1) 8.6 (1.8) 8.4 (1.7) 15.0 (2.0) 15.0 (1.9) 
Race-ethnic group1        
   Mexican American 1871 (13%) 254 (16%) 241 (16%) 278 (13%) 316 (14%) 389 (11%) 393 (12%) 
   Non-Hispanic White 1893 (61%) 295 (57%) 225 (55%) 296 (61%) 298 (59%) 396 (65%) 383 (63%) 
   Non-Hispanic Black 1893 (14%) 199(14%) 187 (15%) 289 (14%) 284 (14%) 432 (14%) 426 (16%) 
   Other Hispanic & 
Multi-racial 
819 (12%) 108 (13%) 120 (14%) 137 (12%) 152 (13%) 157 (10%) 145 (9%) 
SES1        
   Low 1993 (20%) 266 (22%) 267 (22%) 283 (18%) 323 (22%) 421 (18%) 433 (18%) 
   Mid 1542 (25%) 214 (26%) 178 (22%) 260 (27%) 263 (25%) 318 (26%) 309 (23%) 
   High 2865 (55%) 376 (52%) 328 (56%) 457 (55%) 464 (53%) 635 (56%) 605 (59%) 
Sodium (mg/d)2 3056 (1718) 2324 (1001) 2160 (918)** 3182 (1343) 2816 (1255)*** 4108 (2366) 2938 (1591)*** 
Salt equivalent (g/d)2 7.8 (4.4) 5.9 (2.5) 5.5 (2.3)** 8.1 (3.4) 7.2 (3.2)*** 10.4 (6.0) 7.5 (4.0)*** 
Sodium density 
(mg/1000 kcal) 
1553 (471) 1447 (401) 1474 (410) 1546 (1343) 1536 (456) 1633 (523) 1593 (515) 
Total fluid (g/d)2 1523 (1056) 1136 (519) 1038 (467)*** 1338 (663) 1209 (606)** 2225 (1593) 1677 (941)*** 
SSB consumer1 4443 (64%) 508 (56%) 435 (51%) 718 (67%) 733 (64%) 1077 (74%) 972 (64%)* 
SSB per consumer 
(g/d)2, 3 
631 (610) 347 (294) 342 (287) 552 (421) 471 (361)** 969 (891) 683 (492)*** 
1 n (% Weighted) 
2 mean (SD) 
3 analysis completed in sub-sample of SSB consumers only (n = 4443) 
4 Independent t-test or χ 2 test between sexes in each age group * P <0.001, ** P <0.01, *** P <0.05 
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8.3.2 The association between dietary sodium intake and total fluid 
consumption 
In the total population there was a moderate positive correlation between dietary 
sodium intake and total fluid consumption (r = 0.42, P <0.001); each additional 390 
mg/d of sodium (1g/d salt) was associated with 101 g/d greater intake of fluid 
consumption (Figure 8.1 a, P <0.001), and dietary sodium intake accounted for 17% 
of the variance in fluid consumption.  After the adjustment for age, gender, SES, 
race-ethnic group, BMI z-score and season the association between dietary sodium 
intake and fluid consumption remained significant; each additional 390 mg/d of 
sodium (1 g/d salt) was associated with a 76 g/d greater intake of fluid consumption 
(Figure 8.1 b, P <0.001).  Within the smaller sample of participants with available 
physical activity data (n = 5677), additional adjustment for the number of times 
engaged in vigorous physical activity per week, attenuated the association 
marginally (Figure 8.1 c, P<0.001).  When stratified by age group and gender, the 
positive association between dietary sodium intake and fluid consumption remained 
significant in all age and gender sub-categories in both the unadjusted and adjusted 
models (Figure 8.1 a, b).  In those participants with physical activity data, further 
adjustment for the number of times engaged in vigorous physical activity per week 
did not considerably alter the association across any age or gender group (Figure 8.1 
c) (complete tabulated results of the regression analysis is shown in Appendix I).  In 
sensitivity analysis, the associations between the two-day mean sodium intake and 
total fluid consumption were unchanged (Appendix J).  
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Figure 8.1. The association between dietary sodium intake (390 mg/d) (salt 1g/d) and change in fluid consumption (g/d) in US children 
and adolescents aged 2-18 years, by age group and gender: NHANES 2005-2008 (n = 6400) 
a) Unadjusted model1, 2, 3 
 
1 In all models: dependent variable = fluid consumption (g/d) and independent variable = sodium intake in units of 390 mg/d 
2 Data lines represent β coefficient with 95% CI 
3 All models statistically significant P <0.01 
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b) Adjusted for age, gender, race-ethnic group, SES, BMI z-score and season1, 2, 3, 4 
 
1 In all models: dependent variable = fluid consumption (g/d) and independent variable = sodium intake in units of 390 mg/d 
2 Data lines represent β coefficient with 95% CI 
3 All models statistically significant P <0.01 
4 Stratified models adjusted for race-ethnic group, SES, BMI z-score and season 
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c) Adjusted for age, gender, race-ethnic group, SES, BMI z-score, season model and number of times engaged in vigorous activity per 
week1, 2, 3, 4, 5 
 
1 In all models: dependent variable = fluid consumption (g/d) and independent variable = sodium intake in units of 390 mg/d 
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2 Data lines represent β coefficient with 95% CI 
3 All models statistically significant P<0.01 
4 Stratified models adjusted for race-ethnic group, SES, BMI z-score, season model and number of times engaged in vigorous activity per week.   
5 Analysis completed in sub-sample of participants with physical activity data available (n = 5677) 
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8.3.3 The association between dietary sodium intake and SSB consumption 
Within consumers of SSBs (n = 4443) there was a moderate highly significant 
positive correlation between dietary sodium intake and SSB consumption (r = 0.35, 
P <0.001).  In an unadjusted regression model, dietary sodium intake alone 
accounted for 12% of the variance in SSB consumption, where each additional 390 
mg/d of sodium (salt 1g/d) was associated with a 45 g/d greater intake of SSB 
(Figure 8.2 a, P <0.001).  Adjustment for age, gender, race-ethnic group, SES and 
energy derived from sources other than SSB reduced the effect to 32 g/d (Figure 8.2 
b, P <0.001).  In the fully adjusted model, the positive association between sodium 
and SSB consumption remained significant in all age and gender groups, except 12-
18 year old females (Figure 8.2 b, all P <0.05) (complete tabulated results of the 
regression analysis is shown in Appendix I).  The analysis was performed using two 
days of 24-hr dietary recalls on a smaller sample (n = 4,569) and defined SSB 
consumers as having reported intake of SSB (>0g/d) on at least one of two 24-hr 
dietary recalls.  The associations between the two-day mean sodium intake and total 
fluid and SSB consumption were unchanged (data shown in Appendix J).  
 
8.3.4 Predicted impact of sodium reduction on lowering SSB consumption  
The average dietary sodium intake of SSB consumers was 3191 (SD 1832) mg/d 
(salt 8.1 (SD 4.7) g/d).  The 2010 Dietary Guidelines for Americans recommend 
children consume no more than 2300 mg/d, and in the case of African American 
children no more than 1500 mg/d (US Department of Agriculture and US 
Department of Health and Human Services 2010).  Therefore, dependent on race-
ethnic group, on average an 891 mg/d (salt 2.3 g/d) - 1691 mg/d (salt 4.3 g/d) 
reduction in dietary sodium is required to comply with dietary recommendations.  
Extrapolating the results from the regression analysis, this level of sodium reduction 
would be associated with a reduction of 74 – 138 g/d of SSBs within consumers of 
SSBs, this would be equivalent to a reduction of 30-50 kcal/d (US Department of 
Agriculture Agricultural Research Services 2012). 
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Figure 8.2. The association between dietary sodium intake (390 mg/d) (salt 1 g/d) and SSB consumption (g/d)     
within consumers of SSBs by age group and gender: NHANES 2005-2008 (n = 4443) 
a) Unadjusted model1, 2, 3 
 
1 In all models: dependent variable = SSB consumption (g/d) and independent variable = sodium intake in units of 390 mg/d 
2 Data lines represent β coefficient with 95% CI 
3 All models statistically significant P <0.05, except boys 2-5 years P = 0.12 
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b) Adjusted for gender, race-ethnic group, SES and energy derived from sources other than SSB (kcal/d)1, 2, 3, 4 
 
1 In all models: dependent variable = SSB consumption (g/d) and independent variable = sodium intake in units of 390 mg/d 
2 Data lines represent β coefficient with 95% CI 
3 All models statistically significant P <0.05, except girls 12-18 years P = 0.07 
4 Stratified models adjusted for race-ethnic group, SES and energy derived from sources other than SSB (kcal/d)  
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8.4 Discussion 
Using nationally representative data from 2005-2008, it was found that among US 
children and adolescents’ dietary sodium intake was positively associated with total 
fluid consumption, and SSB consumption within consumers of SSBs.  Each 
additional 390 mg/d of sodium (1g/d salt) was associated with a 74 g/d greater 
intake of fluid, after adjustment for confounders which remained consistent across 
age groups and by sex.  Among consumers of SSBs, each additional 390 mg/d of 
sodium (1g/d salt) was associated with a 32 g/d higher intake of SSB, adjusted for 
confounders.  With the exception of 12-18 year old females, the association between 
dietary sodium and SSB consumption was relatively consistent across age groups 
and by sex.  To our knowledge this is the first study to assess the association 
between dietary sodium, fluid, and SSB intake within a US setting. 
 
These findings and estimated associations are remarkably similar to those reported 
in two previous studies in large nationally representative samples of children and 
adolescents in other countries (see Study four, Chapter seven) (Grimes et al. 2012, 
He et al. 2008c).  As in our study, dietary sodium intake was a significant correlate 
of overall fluid consumption in UK (He et al. 2008c) and Australian children (see 
Study 4, Chapter 7) (Grimes et al. 2012), where each additional 390 mg/d of sodium 
(1 g/d salt) was associated with a 100 g/d (He et al. 2008c) and 46 g/d (Grimes et al. 
2012) greater intake of fluid consumption, respectively.  The magnitude of the 
association was greatest in British children and this may be due to the adjustment of 
fewer covariates.  It is well understood that a small rise in plasma osmolarity (2-3%) 
will create an osmotic gradient shift leading to intracellular dehydration and 
subsequent stimulus of the hypothalamic thirst centre to initiate drinking behaviour 
and restore body fluid homeostasis (McKinley and Johnson 2004, Stachenfeld 
2008).  Osmotic-induced thirst in response to dietary sodium intake has been 
demonstrated in animal (Cowley et al. 1986, Gamble et al. 1928, Stricker et al. 
2003) and human studies (Calzone et al. 2001, Stachenfeld et al. 1996).  In addition, 
an intervention trial in adults found that a low sodium diet led to a significant 
reduction in 24-hr urinary volume, a marker for fluid consumption (He et al. 2001).  
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Taken together, these findings support the notion that high dietary sodium intake 
may increase fluid consumption.  
 
The positive association between dietary sodium intake and SSB consumption in US 
children, is relatively consistent with results in British (He et al. 2008c) and 
Australian children (Grimes et al. 2012), as well as one smaller study in German 
children aged 3-18 years (Libuda et al. 2012), where each additional 390 mg/d of 
sodium (1 g/d salt) was associated with a 27 g/d, 17 g/d and 12 g/d greater intake of 
SSB intake, respectively.  Overall, across countries, it appears that the greatest 
association between dietary sodium intake and SSB consumption is within US 
children and adolescents.  In part, this may be explained by the generally higher 
daily intake of both sodium and SSBs in US children and adolescents (average 2-18 
years consumers of SSBs, sodium = 3191 mg/d (salt 8.1 g/d), SSB = 631 g/d per 
consumer), when compared to those reported in British children (average 4-16 years 
sodium = 2260 mg/d (salt 5.8 g/d), SSB = 343 g/d) and Australian children (average 
2-16 years consumers of SSBs, sodium = 2760 mg/d (salt 7.1 g/d), SSB = 248 g/d).  
Although there are inconsistencies in covariate adjustment, statistical modelling, and 
dietary methodology, evidence from large samples of British and Australian 
children, a small sample of German children, along with the present findings in US 
children, all report a positive association between dietary sodium intake and SSB 
consumption. 
 
This study found that the average intake of dietary sodium in US children and 
adolescents was high (3056 mg/d, salt 7.8 g/d), well in excess of the recommended 
maximum 2 300 mg/d (salt 5.9 g/d), or in the case of African-American children 
1500 mg/d (salt 3.8 g/d) (US Department of Agriculture and US Department of 
Health and Human Services 2010).  If sodium intake was reduced within consumers 
of SSBs to meet the dietary guidelines, this would predict a 74-138 g/d reduction in 
SSB intake, which is equivalent to a 30-50 kcal/d reduction in energy intake.  It has 
been estimated that a daily positive energy gap of 110-165 kcal/d is attributable for 
the excess weight gain, i.e. weight gain not related to growth, observed in US 
children aged 2-4 and 5-7 years during the period 1988-94 to 1999-2002 (Wang et 
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al. 2006).  These findings suggest that sodium reduction strategies may benefit 
obesity prevention efforts by reducing calorie intake from SSBs, in addition to the 
already well-known benefits of lowering blood pressure (He and MacGregor 2006, 
Bibbins-Domingo 2010).   
 
As the majority (77%) of dietary sodium consumed is from salt added to processed 
foods (Mattes and Donnelly 1991), to substantially reduce population sodium intake, 
product reformulation to lower sodium in food products is required (He and 
MacGregor 2008).  In 2008 the New York City Health Department launched the US 
National Salt Reduction Initiative, with the aim of lowering population sodium 
intake by 20% over 5 years (New York City Department of Health and Mental 
Hygiene 2010).  To achieve this reduction, and guide food manufacturers in 
lowering the amount of salt added to food products, voluntary sodium reduction 
targets were set for 62 categories of packaged food and 25 categories of restaurant 
food (New York City Department of Health and Mental Hygiene 2010).  In 2010, 
the US Institute of Medicine released a report identifying sodium product 
reformulation as a primary strategy (Institute of Medicine 2010).  The findings from 
the present study which suggest a possible link between dietary sodium and greater 
consumption of SSBs in children, support sustained efforts to reduce the amount of 
sodium available within the US food supply.  
 
The major strengths of this study include the use of a large nationally representative 
sample of US children and adolescents, with comprehensive and standardised 
collection of dietary intake, anthropometric, and demographic data.  Despite the 
rigorous collection of dietary data, 24-hr dietary recalls are typically prone to under-
reporting bias (Gibson 2005), however potential bias was minimised by excluding 
those participants with unreliable dietary intake data as determine by the NCHS.  In 
the case of dietary sodium intake, assessment is limited by the quality of food 
composition databases, which may not capture the large variation within the sodium 
content of different brand products (Loria et al. 2001, World Health Organization 
2010a).  In addition, the 24-hr dietary recall does not measure the amount of salt 
added at the table, which is estimated to be small, approximately 6% of intake 
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(Mattes and Donnelly 1991).  Salt added during cooking is also estimated to be 
small, approximately 5% (Mattes and Donnelly 1991), and was adjusted for in 
NHANES data (Centers for Disease Control and Prevention 2008a, Centers for 
Disease Control and Prevention 2010).  The collection of physical activity data was 
not standardized across all participants; this may have resulted in discrepancies in 
reported physical activity between children and teens and across survey cycle years.  
Finally due to the cross-sectional nature of this study, the causality between salt and 
either fluid or SSB intake cannot be established.  To confirm these findings 
experimental study designs that control dietary sodium intake in children are 
required to determine the effect of altered sodium intake on overall fluid and SSB 
consumption in children. 
 
8.5 Conclusion 
In conclusion, dietary sodium intake was associated with total fluid consumption, 
and with SSB consumption within consumers of SSBs in US children and 
adolescents.  Therefore, reductions in dietary sodium intake may be associated with 
modest reductions in SSB consumption and consequently with reductions in calorie 
intake.  In light of these findings and the complexities in overcoming the childhood 
obesity epidemic, a comprehensive obesity prevention approach which includes 
wide-ranging strategies, such as sodium reduction, should be explored.  If the 
sodium content of the U.S. food supply continues at current levels or increases, 
stronger messages to encourage children and their parents to replace children’s SSB 
intake with water to help prevent excess weight gain may enhance obesity 
prevention efforts. 
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Chapter Nine 
9. Discussion 
9.1 Dietary salt intake is high in Australian children – a call for 
action 
Collectively the findings from this program of research contribute to the 
understanding of salt consumption in Australian children and provide important 
information to help inform future salt reduction interventions.  Using 24-hr urinary 
sodium excretion as a marker for salt intake it was found that Victorian 
schoolchildren aged 5-13 years consume an average of 6 grams of salt per day.  This 
is equivalent to the maximum amount of daily salt set for Australian adults (National 
Health and Medical Research Council 2006, Heart Foundation of Australia 2006), 
demonstrating that salt consumption within this sample of Victorian schoolchildren 
is at unacceptably high levels.  On an individual basis, approximately two thirds of 
these children were found to exceed the age specific daily Upper Limit of salt.  On 
the whole this finding is not unexpected given that salt is commonly added to food 
products during the manufacturing process (Cobcroft et al. 2008, Webster et al. 
2010).  It is also consistent with past estimates in children from other developed 
countries which have utilised 24-hr urinary sodium excretion to assess salt intake 
(Alexy et al. 2012, Knuiman et al. 1988, Schreuder et al. 2006).  Notwithstanding 
the relatively low response rate (18%) and limited scope of the convenience sample 
of children used to estimate salt intake, these data are important as they provide the 
first accurate assessment of salt intake in Australian primary school children and 
emphasise the need for salt reduction strategies.   
 
Formulating interventions to reduce salt intake in Australian children requires 
knowledge of those foods which contribute the most salt to the diet.  In a nationally 
representative sample of Australian children and adolescents aged 2-16 years almost 
half of the daily amount of salt consumed (43%) came from cereal based products 
and dishes, which includes bread, biscuits, breakfast cereals and mixed dishes where 
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cereal is the major ingredient (i.e. pizza, sandwiches).  Other notable sources of 
dietary salt included processed meats (i.e. ham, salami, sausages), cheese, savoury 
sauces/condiments/gravies, soup and snack foods.  The use of discretionary salt was 
relatively common.  Thirty nine percent of children reported consuming meals 
where salt has been added during cooking and 30% reported adding salt at the table.  
Older children were more likely to report adding salt at the table.  
 
9.2 Socioeconomic status is a determinant of salt intake in 
Australian children 
For the first time in a nationally representative sample of Australian children 
socioeconomic disparities in dietary salt intake have been described.  Children aged 
4-9 years of age of low SES background, as indicated by the highest level of 
education attained by the primary caregiver, consumed on average 0.6 g/d more salt 
from food sources than children of high SES.  Furthermore, those of low SES 
background were more likely to report adding salt at the table.  As such the actual 
difference in total daily salt intake of low SES children is likely to be higher than 
reported here. Further research is required using 24-hr urinary sodium excretion to 
confirm these socioeconomic disparities in salt intake and provide accurate data on 
the total intake of salt (i.e. from food and discretionary sources).  Overall, the food 
choices that contribute to a higher intake of salt within this sub-group of children are 
primarily convenience style foods which require minimal food preparation skills (i.e. 
processed meat, pies/sausage rolls, savoury sauces, fried potato and potato snacks).  
The trend for higher salt consumption in those from a lower SES background is 
consistent with overall poorer dietary patterns that are often reported in lower SES 
groups (Darmon and Drewnowski 2008).  Understanding socioeconomic differences 
in salt intake in Australian children provides important focus for intervention, and 
indicates that special attention needs to be paid to achieving salt reductions in 
children of low SES background. 
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9.3 Dietary salt intake, sugar-sweetened beverage consumption 
and obesity risk in children and adolescents 
There are now data from three large population-based nutrition surveys in children 
and adolescents (i.e. Great Britain, Australia and the USA) that support the link 
between dietary salt intake and obesity via greater consumption of sugar-sweetened 
beverages (SSBs).  Remarkably similar results were observed across each country 
(see Table 9.1).  Given the existing evidence linking SSB consumption with 
adiposity in children (de Ruyter et al. 2012, Ebbeling 2006, Ebbeling et al. 2012, 
James and Kerr 2005, James et al. 2004, Libuda and Kersting 2009, Malik et al. 
2006, Olsen and Heitmann 2009, Vartanian et al. 2007, Wolff and Dansinger 2008, 
Woodward-Lopez et al. 2010), these findings suggest that reductions in salt intake 
may assist, via reductions in SSB consumption, with obesity prevention efforts.  
Given the epidemic of childhood obesity and the complexities in overcoming this 
public health issue, a comprehensive approach which includes wide-ranging 
strategies, including salt reduction, should be explored.  
 
Table 9.1. The association between dietary salt intake and SSB consumption in 
children and adolescents across three countries: USA, Great Britain and 
Australia1 
Country Average salt 
intake (g/d) 
Average SSB 
intake (g/d) 
Change in SSB for 
each 1 g/d of salt 
UK (n = 1688)2 5.8 343 27 (P <0.001) 
Australia (n = 2571)3 6.5 248 17 (P <0.001) 
USA (n = 4443)4 8.1 630 32 (P <0.001) 
1 Dietary sodium/salt and SSB estimated from dietary recall/records 
2 Based on data from the 1997 National Nutrition and Diet Survey; includes children 
aged 4-18 years; adjusted for age, gender, body weight (He et al. 2008c). 
3 Based on data from the 2007 ANCNPAS; includes Australian children aged 2-16 
years, analysis completed only within consumers of SSBs; adjusted for age, gender, 
SES, energy (Study four, Chapter seven) 
4 Based on data from the 2005-2008 US NHANES; includes children aged 2-18 
years, analysis completed only within consumers of SSBs; adjusted for age, gender, 
SES, ethnicity, energy (Study five, Chapter eight). 
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The measurement of salt intake via 24-hr dietary recall is subject to random 
measurement error bias.  It is well known that measurement error in the exposure 
variable will bias estimates towards the null (Langseth 1996).  Therefore, it is likely 
that the magnitude of the association reported between salt intake and SSB 
consumption is greater than reported here.  No causality can be drawn from these 
cross-sectional studies.  However, in view of the robust evidence linking salt intake 
to thirst and fluid intake (Cowley et al. 1986, Gamble et al. 1928, He et al. 2001, 
Stachenfeld 2008, Stricker et al. 2003) the pathway is plausible.  Further 
experimental studies would be required to confirm the temporal association between 
salt intake, SSB consumption and obesity risk in children.  However, whether a need 
for such studies exists is debatable.  Firstly, a compelling evidence base to reduce 
salt intake to protect children’s health already exists.  It is well documented in adults 
that a reduction in salt intake will blunt the age related rise in blood pressure 
(Karppanen and Mervaala 2006).  In children and infants, it has also been shown 
that reductions in salt intake are associated with modest reductions in blood pressure 
(He and MacGregor 2006), which are important given the phenomenon of blood 
pressure tracking over the life course (Lauer and Clarke 1989, Singh et al. 2008, 
Tirosh et al. 2010, Toschke et al. 2010).  Furthermore, the promotion of healthy 
dietary patterns in early life is important given the tendency for dietary habits to 
track into adulthood (Kelder et al. 1994, Mikkila et al. 2004) and their likely impact 
on taste preference development (Kare and Beauchamp 1985, Stein et al. 2012).   
 
Secondly, given the wide ranging determinants of beverage intake (i.e. availability, 
marketing, taste, peer modelling), coupled with the relatively modest effect of salt 
on SSB consumption, it may be challenging to confirm the association in either 
longitudinal or experimental study designs.  This is particularly the case when we 
consider the many methodological limitations of dietary studies, including under-
reporting bias; poor precision of the measurement of energy intake (an important 
confounder in obesity risk assessment); multicollinearity between variables of 
interest (i.e. sodium and energy); and residual confounding.  
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As such it is not recommended that future research focus on trying to confirm the 
observed associations between salt intake and SSB consumption.  Rather these 
findings from three different paediatric population groups can be viewed as 
providing additional weight to the already strong body of evidence to reduce salt 
intake in children.  It would seem more appropriate to allocate resources and effort 
into the development and trial of strategies to lower salt intake in Australian 
children, which has been shown to be unnecessarily high.  
 
9.4 Public health action to reduce dietary salt intake in Australian 
children  
Population salt reduction has been prioritised as a key public health area for action 
to reduce cardiovascular disease (CVD) (Beaglehole et al. 2011).  Given the 
ubiquity of salt within the food supply lowering salt intake in Australian children to 
meet dietary recommendations is likely to be challenging, and will require a 
comprehensive approach including wide-ranging behavioural and environmental 
interventions.   
 
As a potential environmental strategy, through dietary modelling it was shown that 
attainment of the United Kingdom (UK) Food Standards Agency (FSA) sodium 
reduction targets, within the Australian food supply would result in an average 20% 
(1.3 g/d) reduction in daily salt intake in children aged 2-16 years.  At a population 
level a reduction of this magnitude has the potential to provide considerable 
cardiovascular health benefits.  In Japan through the 1950-60’s a government led 
salt reduction campaign was successful in lowering the average intake of salt by 1.5 
g/d (i.e. 13.5 g/d to 12.1 g/d).  Parallel to this decrease, blood pressure levels in 
adults and children were shown to fall and stroke mortality reduced by 80%, despite 
increases in other predominant cardiovascular risk factors, such as obesity and 
smoking (He and MacGregor 2008).  While this would be an important first-step to 
salt reduction in children it is important to note that after the application of the UK 
FSA sodium reduction targets, a high proportion of children (approximately 60%) 
would still exceed the age specific recommended daily Upper Limit.  This highlights 
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the fact that to effectively reduce Australian children’s salt intakes across the 
population challenging salt reduction targets may need to be enacted in concert with 
a range of additional salt reduction strategies.  
 
 
The UK, USA and Canada have all set progressive sodium content targets for a 
comprehensive range of food categories (Health Canada. 2011, New York City 
Department of Health and Mental Hygiene 2010, Wyness et al. 2011).  Ongoing 
review of targets is important to allow for technical advancements with respect to 
food safety and processing and to allow time for consumer taste preferences to adapt 
to reduced salt products (Grigis et al. 2002).  This in turn will ultimately lead to 
more challenging sodium reduction targets that will hold public health benefits 
(Institute of Medicine 2010).  In contrast to these countries, the approach taken by 
the Australian Food and Health Dialogue in developing sodium reduction targets has 
been less comprehensive.  Over the three year working period of the group, targets 
have been set for only six food categories.  Furthermore, the timeline for setting 
targets for additional food categories as well as subsequent revisions of current 
targets is unclear (Food and Health Dialogue 2012).   
 
The findings from Study two (Chapter five), suggest that it is unlikely that the 
current measures set by the Food and Health Dialogue will substantially reduce salt 
intake in Australian children.  This is not to say that such measures should be 
abandoned, but rather indicates the need for further regulation.  Under the co-
ordination of the Australian Division of World Action on Salt and Health (AWASH) 
some food manufacturers have been progressively reducing the amount of salt 
within their product lines for a number of years (Australian Division of World 
Action on Salt and Health 2012a).  During the process of the Food and Health 
Dialogue, from 2008 to 2011 an average 9% increase in sodium levels across 
Australian food products has been reported (The George Institute for Global Health 
and Australian Division of World Action on Salt and Health 2012).  Although some 
food company product lines were shown to have achieved reductions during this 
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time period, on the whole these data indicate that sodium reductions are not 
occurring across the entire food supply.  In moving forward it seems necessary for 
government leadership to endorse a set of challenging and comprehensive sodium 
reduction targets, such as those set by the AWASH (as discussed in Chapter five) 
(Australian Division of World Action on Salt and Health 2011, Public Health 
Association of Australia. 2011).  Furthermore, systems are needed to monitor and 
track progress in salt reduction over time.  
 
Although it is acknowledged that most salt in the diet comes from processed foods 
(75%) (Mattes and Donnelly 1991) it is important that discretionary salt use, which 
accounts for 10-15% of intake (Andersen et al. 2009, James et al. 1987), is not 
overlooked when developing salt reduction programmes.  Given the relatively high 
frequency of reported table and cooking salt in Australian children, particularly in 
certain sub-groups (i.e. lower SES background and older children), targeting 
discretionary salt use remains a valuable opportunity to lower total intake of salt and 
raise awareness of the importance of limiting salt in the diet.  It may be beneficial 
for interventions that target the family food environment to incorporate messages 
surrounding limiting discretionary salt use and removing access to the salt shaker.  
As a practical strategy to reduce salt use The Australian Dietary Guidelines 
recommends the use of alternative flavour enhancers when cooking such as herbs, 
spices, garlic, lemon juice and vinegar (National Health and Medical Research 
Council 2011).  While this information may be useful it is important that these 
messages are appropriately disseminated to parents and children, along with 
consideration to potential barriers to cooking and food preparation skills that may 
limit their application.   
 
Health professionals can use this data to raise awareness amongst parents of the high 
amount of salt in Australian children’s diets.  Previous reports indicate that parental 
concern of dietary salt intake in children is often low and less of a concern than 
other nutrients such as saturated fat, sugar or artificial flavours and colourings 
(Australian Division of World Action on Salt and Health 2008a).  As salt is often 
‘hidden’ in many everyday food stuffs such as bread and breakfast cereal, it is 
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possible that some parents are unaware of children’s high salt intakes.  Given that 
parents are for the most part responsible for food purchasing and the availability of 
food choices within the home it is important that they are equipped with knowledge 
and skills to provide the best food choices for their children.  Due to the large 
variability of the sodium content within some food categories (Grimes et al. 2008, 
Webster et al. 2010) it is feasible that food labels could be used to select lower 
sodium food products.  The most recent Australian Dietary Guidelines, 2011 
acknowledge that many foods encouraged within a healthy diet (i.e. bread and 
cheese) also provide substantial amounts of dietary salt and therefore recommends 
reading food labels to choose lower sodium options among similar food products 
(National Health and Medical Research Council 2011).  While there are issues 
relating to consumer understanding of sodium labelled on food products (Gilbey and 
Fifield 2006, Grimes et al. 2009, Scott and Worsley 1997), educating children within 
schools on how to read food labels still presents as an opportunity to help families’ 
select lower salt products.  Furthermore, the promotion of mobile phone applications 
such as FoodSwitch, which aim to help consumers identify lower salt alternatives at 
the supermarket, may be useful (Australian Division of World Action on Salt and 
Health 2012b).   
 
Targeted messages could be used within a school intervention to educate parents and 
children on those food groups which contribute the most salt to children’s diets and 
simple modifications could be promoted to reduce exposure to salt.  For example i) 
promote use of food labels to choose lower sodium bread and breakfast cereals ii) 
educate on alternatives to the high sodium seasonings identified in Study two 
(Chapter five) via replacement with spices and flavouring alternatives iii) target 
school lunches: switch to lower sodium bread, spreads, cheese and replace processed 
meats (i.e. ham/salami) with unprocessed cold meat cuts on sandwiches; swap 
processed snack items to unprocessed foods iv) promote message of not adding salt 
during cooking and removing the salt shaker from the table.  
 
It is recommended that ongoing surveillance of dietary salt intake in Australia 
children, using 24-hr urinary sodium excretion be completed.  This data is required 
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to evaluate food industry efforts to reduce sodium in the food supply.  Furthermore, 
accurate data is essential to raise awareness of the problem of high salt intakes in 
children and advocate for change.  There are few instances in dietary assessment 
methods, where a reliable recovery marker of nutrient intake exists.  24-hr urinary 
sodium excretion is one such case, which is associated with important health 
outcomes, yet seldom used in dietary assessment studies.  It may be argued that the 
collection of 24-hr urines is too costly, however as discussed in Chapter two given 
sample size estimates to monitor sodium intake are not overtly large, the associated 
expense ($38.10 per 24-hr urine collection + associated staff costs to coordinate 
collections, see Appendix K) would seem a reasonable outlay for accurate data.  
Within national nutrition surveys, it is recommended 24-hr urine samples be 
collected within a smaller sub-sample of the population to confirm sodium intake 
estimated from 24-hr dietary recall.  Twenty-four hour urine collections are 
routinely recognised as carrying considerable burden to the participant and may be 
considered inappropriate for children.  Through experience of recruiting schools and 
parents, it was frequently deemed by many adults as an impossible task to ask 
children to undertake.  However, it is likely the capacity of children is under-
estimated, as evidenced by the relatively low percentage of samples (6%) excluded 
on the basis of collection error.  This is also highlighted by anecdotal responses 
collected from children on completion of the 24-hr urine collection.   
“I enjoyed the part when I had to collect the urine and put it into the bottle. Thank 
you for letting me participate in the study”, “Cool! I loved doing it”, “Collection 
was easy and I enjoyed it”, “It was not hard” (SONIC study participants, 2011). 
Importantly, this study demonstrates that with appropriate instruction and resources 
collection of 24-hr urine samples is feasible in children attending Australian primary 
schools.  This is a particularly relevant outcome in the context of planning future salt 
assessment studies.   
 
9.5 Concluding remarks 
In summary, salt intake in Australian children exceeds dietary recommendations and 
children of lower socioeconomic background were found to consume even greater 
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quantities.  The evidence linking salt intake to cardiovascular risk factors and 
obesity via promoting SSB intake, provides impetus for action to implement salt 
reduction interventions during early life.  To lower salt intake in children a 
comprehensive approach is required.  Strategies should include i) regulation of the 
amount of salt permitted in processed foods across all price ranges.  It seems likely 
that to achieve progressive and substantial sodium reductions government legislation 
of sodium reduction targets is required ii) school based interventions to educate 
parents on high salt intakes in schoolchildren and target reduction in the 
consumption of high salt foods iii) consumer awareness campaigns that target the 
hidden sources of salt in the diet and discretionary salt use.  In implementing salt 
reduction programs appropriate measures, including 24-hr urinary sodium excretion, 
should be used to monitor and track progress in children’s salt intake over time.   
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Appendix A. Australian Food and Health Dialogue sodium reduction targets for 
processed foods1 
Release 
date 
Food category Sodium reduction target Timeframe 
for action 
2010 Bread 400 mg/100 g 2012 
2010 Breakfast cereals 15% reduction in those 
exceeding 400 mg/100 g 
2014 
2011 Simmer sauces    
 Pasta & Indian 
style 
15% reduction in those 
exceeding 420 mg/100g 
2014 
 Asian Style 15% reduction in those 
exceeding 680 mg/100 g 
2014 
2011 Processed meats   
 Bacon & 
ham/cured meat 
products 
1090 mg/100 g 2013 
 Emulsified 
luncheon meats 
830 mg/100 g 2013 
2011 Soup   
 Dry soup 290 mg /100 g (as prepared) 2014 
 Wet & condensed 
soups 
Average target (weighted by 
sales volume) 290 mg/100 g, 
with a maximum target of 300 
mg/ 100 g 
2014 
2012 Savoury Pies   
 Wet Pies 10% reduction in those 
exceeding 400 mg/100 g 
2014 
 Dry Pies 10% reduction in those 
exceeding 500 mg/100 g 
2014 
Future To be developed: processed poultry, cheese, potato/corn and extruded 
snacks, savoury crackers, noodles, condiments 
 
1 The Australian Food and Health Dialogue is a joint government and industry public 
health initiative working towards product reformulation to provide access to 
healthier food choices.  Membership of the reformulation working group includes 
the Australian Government, Department of Health and Ageing, National Heart 
Foundation of Australia, Commonwealth Scientific and Industrial Research 
Organisation, Woolworths Ltd and the Australian Food and Grocery Council.  
(Food and Health Dialogue 2012)
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Appendix B. Food group coding system used in the 2007 Australian National 
Children’s Nutrition and Physical Activity Survey (ANCNPAS).  The following 
table comes from page 95-99 of the ANCNPAS User guide  (Department of Health 
and Ageing 2010) 
 95
20. Food groups 
1995 
Food 
Code Food Group Name 
2007 
Revised 
Food 
Code Revised Food Group Name 
11 NON-ALCOHOLIC BEVERAGES 11 NON-ALCOHOLIC BEVERAGES 
111 Tea 111 Tea 
112 Coffee And Coffee Substitutes 112 Coffee And Coffee Substitutes 
113 Fruit And Vegetable Juices And Drinks 113 Fruit And Vegetable Juices, And Drinks 
  114 Cordials 
114 Soft Drinks, Flavoured Mineral Waters And 
Electrolyte Drinks 
115 Soft Drinks, And Flavoured Mineral Waters 
  116 Electrolyte, Energy and Fortified Drinks 
115 Mineral Waters And Water 117 Mineral Waters And Water 
116 Water With Other Additions As A Beverage 118 Other Beverage Flavourings and Prepared 
Beverages 
12 CEREALS AND CEREAL PRODUCTS 12 CEREALS AND CEREAL PRODUCTS 
121 Flours And Other Cereal Grains And Starches 121 Flours And Other Cereal Grains And Starches 
122 Regular Breads, And Rolls 122 Regular Breads, And Bread Rolls 
(Plain/Unfilled/Untopped Varieties) 
123 Breakfast Cereals, Plain, Single Source   
124 Fancy Breads, Flat Breads, English-Style 
Muffins And Crumpets 
123 English-Style Muffins, Flat Breads, And Savoury 
and Sweet Breads 
125 Pasta And Pasta Products 124 Pasta And Pasta Products 
126 Rice And Rice Products   
127 Breakfast Cereals, Mixed Source 125 Breakfast Cereals and Bars, Unfortified and 
Fortified Varieties 
128 Breakfast Cereal, Hot Porridge Type 126 Breakfast Cereal, Hot Porridge Type 
13 CEREAL-BASED PRODUCTS AND DISHES 13 CEREAL-BASED PRODUCTS AND DISHES 
131 Sweet Biscuits 131 Sweet Biscuits 
132 Savoury Biscuits 132 Savoury Biscuits 
133 Cakes, Buns, Muffins, Scones, Cake-Type 
Desserts 
133 Cakes, Buns, Muffins, Scones, Cake-Type 
Desserts 
134 Pastries 134 Pastries 
135 Mixed Dishes Where Cereal Is The Major 
Ingredient 
135 Mixed Dishes Where Cereal Is The Major 
Ingredient 
136 Batter-Based Products 136 Batter-Based Products 
14 FATS AND OILS 14 FATS AND OILS 
141 Dairy Fats 141 Butters 
  142 Dairy Blends 
142 Margarine 143 Margarine and Table Spreads 
143 Vegetable Oil 144 Vegetable/Nut Oil 
144 Other Fats 145 Other Fats 
145 Unspecified Fats 146 Unspecified Fats 
15 FISH and SEAFOOD PRODUCTS AND DISHES 15 FISH and SEAFOOD PRODUCTS AND DISHES 
151 Fin Fish (Excluding Canned) 151 Fin Fish (Excluding Commercially Sterile) 
152 Crustacea And Molluscs (Excluding Canned) 152 Crustacea And Molluscs (Excluding Commercially 
Sterile) 
153 Other Sea And Freshwater Foods 153 Other Sea And Freshwater Foods 
154 Packed (Canned And Bottled) Fish And Seafood 154 Packed (Commercially Sterile) Fish And Seafood 
155 Fish And Seafood Products 155 Fish And Seafood Products (Homemade and 
Takeaway) 
156 Mixed Dishes With Fish Or Seafood As The Major 
Component 
156 Mixed Dishes With Fish Or Seafood As The Major 
Component 
16 FRUIT PRODUCTS AND DISHES 16 FRUIT PRODUCTS AND DISHES 
161 Pome Fruit 161 Pome Fruit 
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Food 
Code Food Group Name 
2007 
Revised 
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Code Revised Food Group Name 
162 Berry Fruit 162 Berry Fruit 
163 Citrus Fruit 163 Citrus Fruit 
164 Stone Fruit 164 Stone Fruit 
165 Tropical Fruit 165 Tropical Fruit 
166 Other Fruit 166 Other Fruit 
167 Mixtures Of Two Or More Groups Of Fruit 167 Mixtures Of Two Or More Groups Of Fruit 
168 Dried Fruit, Preserved Fruit 168 Dried Fruit, Preserved Fruit 
169 Mixed Dishes Where Fruit Is The Major Component 169 Mixed Dishes Where Fruit Is The Major Component 
17 EGG PRODUCTS AND DISHES 17 EGG PRODUCTS AND DISHES 
171 Eggs 171 Eggs 
172 Dishes Where Egg Is The Major Ingredient 172 Dishes Where Egg Is The Major Ingredient 
173 Egg Substitutes and Dishes 173 Egg Substitutes and Dishes 
18 MEAT, POULTRY and GAME PRODUCTS and DISHES 18 MEAT, POULTRY and GAME PRODUCTS and DISHES 
181 Muscle Meat 181 Muscle Meat 
182 Game And Other Carcase Meats 182 Game And Other Carcase Meats 
183 Poultry And Feathered Game 183 Poultry And Feathered Game 
184 Organ Meats And Offal, Products And Dishes 184 Organ Meats And Offal, Products And Dishes 
185 Sausages, Frankfurts And Saveloys 185 Sausages, Frankfurts And Saveloys 
186 Processed Meat 186 Processed Meat 
187 Mixed Dishes Where Beef Or Veal Is The Major 
Component 
187 Mixed Dishes Where Beef, Veal Or Lamb Is The Major 
Component 
188 Mixed Dishes Where Lamb Or Pork, Bacon, Ham Is 
The Major Component 
188 Mixed Dishes Where Pork, Bacon, Ham Is The Major 
Component 
189 Mixed Dishes Where Poultry Or Game Is The Major 
Component 
189 Mixed Dishes Where Poultry Or Game Is The Major 
Component 
191 Dairy Milk 19 MILK PRODUCTS AND DISHES 
1911 Milk, Fluid, Fat-Increased 191 Dairy Milk (cow, sheep and goat) 
192 Yoghurt 192 Yoghurt 
193 Cream 193 Cream 
194 Cheese 194 Cheese 
195 Frozen Milk Products 195 Frozen Milk Products 
196 Other Dishes Where Milk Or A Milk Product Is The 
Major Component 
197 Other Dishes Where Milk Or A Milk Product Is The Major 
Component 
197 Milk Substitutes   
198 Flavoured Milks 198 Flavoured Milks 
  20 DAIRY SUBSTITUTES 
  201 Dairy Milk Substitutes, Unflavoured 
  202 Dairy Milk Substitutes, Flavoured 
  203 Cheese Substitute 
  204 Soy-Based Ice Confection 
  205 Soy-Based Yoghurts 
20 SOUP 21 SOUP 
201 Soup 211 Soup (Prepared, Ready to Eat) 
202 Dry Soup Mix 212 Dry Soup Mix 
203 Canned Condensed Soup 213 Canned Condensed Soup (Unprepared) 
21 SEED and NUT PRODUCTS AND DISHES 22 SEED and NUT PRODUCTS AND DISHES 
211 Seeds And Seed Products 221 Seeds And Seed Products 
212 Nuts And Nut Products 222 Nuts And Nut Products 
22 SAVOURY SAUCES AND CONDIMENTS 23 SAVOURY SAUCES AND CONDIMENTS 
221 Gravies And Savoury Sauces 231 Gravies And Savoury Sauces 
222 Pickles, Chutneys And Relishes 232 Pickles, Chutneys And Relishes 
224 Salad Dressings 233 Salad Dressings 
225 Stuffings 234 Stuffings 
23 VEGETABLE PRODUCTS AND DISHES 24 VEGETABLE PRODUCTS AND DISHES 
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Food 
Code Food Group Name 
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Revised 
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Code Revised Food Group Name 
231 Potatoes 241 Potatoes 
232 Cabbage, Cauliflower And Similar Brassica 
Vegetables 
242 Cabbage, Cauliflower And Similar Brassica 
Vegetables 
233 Carrot And Similar Root Vegetables 243 Carrot And Similar Root Vegetables 
234 Leaf And Stalk Vegetables 244 Leaf And Stalk Vegetables 
235 Peas And Beans 245 Peas And Beans 
236 Tomato And Tomato Products 246 Tomato And Tomato Products 
237 Other Fruiting Vegetables 247 Other Fruiting Vegetables 
238 Other Vegetables And Vegetable Combinations 248 Other Vegetables And Vegetable Combinations 
239 Dishes Where Vegetable Is The Major Component 249 Dishes Where Vegetable Is The Major Component 
24 LEGUME AND PULSE PRODUCTS AND DISHES 25 LEGUME AND PULSE PRODUCTS AND DISHES 
241 Mature Legumes And Pulses 251 Mature Legumes And Pulses 
242 Mature Legume And Pulse Products And Dishes 252 Mature Legume And Pulse Products And Dishes 
25 SNACK FOODS 26 SNACK FOODS 
251 Potato Snacks 261 Potato Snacks 
252 Corn Snacks 262 Corn Snacks 
253 Extruded Snacks 263 Extruded Or Reformed Snacks 
254 Pretzels And Other Snacks 264 Pretzels 
2542 Other Snacks 265 Other Snacks 
26 SUGAR PRODUCTS AND DISHES 27 SUGAR PRODUCTS AND DISHES 
261 Sugar, Honey And Syrups 271 Sugar, Honey And Syrups 
262 Jam And Lemon Spreads, Chocolate Spreads 272 Jam And Lemon Spreads, Chocolate Spreads, Sauces 
263 Dishes & Products Other Than Confectionery 
Where Sugar Is Major Component 
273 Dishes & Products Other Than Confectionery Where 
Sugar Is Major Component 
27 CONFECTIONERY AND HEALTH BARS 28 CONFECTIONERY AND CEREAL/NUT/FRUIT/SEED BARS 
271 Chocolate And Chocolate-Based Confectionery 281 Chocolate And Chocolate-Based Confectionery 
272 Cereal-, Fruit-, Nut- And Seed-Bars 282 Cereal-, Fruit-, Nut- And Seed-Bars 
273 Other Confectionery 283 Other Confectionery 
28 ALCOHOLIC BEVERAGES 29 ALCOHOLIC BEVERAGES 
281 Beers 291 Beers 
282 Wines 292 Wines 
283 Spirits 293 Spirits 
284 Other Alcoholic Beverages 294 Other Alcoholic Beverages 
  295 Pre-mixed drinks 
29 SPECIAL DIETARY FOODS 30 SPECIAL DIETARY FOODS 
291 Formula Dietary Foods 301 Formula Dietary Foods 
192 Enteral formula 302 Enteral formula 
30 MISCELLANEOUS 31 MISCELLANEOUS 
301 Beverage Flavourings   
302 Yeast, Yeast, Vegetable And Meat Extracts 311 Yeast, Yeast, Vegetable And Meat Extracts 
303 Artificial Sweetening Agents 312 Intense Sweetening Agents 
304 Herbs, Spices, Seasonings And Stock Cubes 313 Herbs, Spices, Seasonings And Stock Cubes 
305 Essences 314 Essences 
306 Chemical Raising Agents And Cooking Ingredients 315 Chemical Raising Agents And Cooking Ingredients 
31 INFANT FORMULAE AND FOODS 32 INFANT FORMULAE AND FOODS 
311 Infant Formulae And Human Breast Milk 321 Infant Formulae And Human Breast Milk 
312 Infant Cereal Products 322 Infant Cereal Products 
313 Infant Foods 323 Infant Foods 
314 Infant Drinks 324 Infant Drinks 
  33 DIETARY SUPPLEMENTS 
  331 Multivitamin and Mineral 
  332 Single mineral 
  333 Single vitamin 
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  334 Herbal And Homeopathic Supplements 
  335 Oil Supplement 
  336 Protein Supplement 
  337 Sports Supplement 
  338 Fibre Supplement 
  339 Probiotics and Prebiotics 
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Appendix C.  Summary of recruitment and participation rates within the Salt and Other Nutrient Intakes (SONIC) Study 
School 
Data collection 
block 1 
Data 
collection 
Grades 
included in 
recruitment 
Enrolled & 
invited to 
participate Consent 
Drop 
outs 
Commence 
24-hr urine 
Excluded 
1 
Complete urine 
samples in 
analysis 
    n n N n N n 
1 June – Dec 2010 10/06/10 Grades 3-6 200 18 0 18 1 17 
2 June – Dec 2010 28/10/10 Grades 2-6 100 14 0 14 1 13 
3 June – Dec 2010 6/12/10 Grades 3-6 204 10 1 9 1 8 
  9/12/10        
4 June – Dec 2010 8/11/10 Grades 2-6 130 23 2 21 0 21 
5 May-June 2011 6/06/11 Prep- year 6 46 15 1 14 1 13 
6 May-June 2011 17/06/11 Prep- year 6 64 19 1 18 1 17 
7 May-June 2011 25/05/11 Grades 2-6 270 86 2 84 10 74 
  26/05/11        
  27/05/11        
8 May-June 2011 09/06/11 Grades 2-6 350 50 1 49 3 46 
  10/06/11        
9 May-June 2011 02/06/11 Prep- year 9 100 34 1 33 4 29 
  03/06/11        
Total    1464 269 9 260 22 238 
1 Excluded includes samples not returned n = 3, unable to process due to laboratory errors n = 3, over-collection n = 1, under-collection n = 15 
Appendices 
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Appendix D. Rationale for age group selection of participants within the SONIC 
Study 
Table 1. Average dietary sodium intake in Australian children aged 2-16 years as 
measured in the 2007 ANCNPAS (n = 4 487) 
Age group Mean sodium 
intake (mg/d) 
Upper Limit 
(mg/d)1 
% mean sodium 
intake exceeds 
Upper Limit 
2-3 years  1675 1000 168 
4-8 years 2161 1400 154 
9-13 years 2694 2000 135 
14-16 years 3161 2300 137 
 
Primary school aged children were targeted, as opposed to adolescents in high 
school, as findings from the 2007 ANCNPAS revealed younger children (i.e. 4-8 
years) had particularly high sodium intakes compared to dietary recommendations. 
1 (National Health and Medical Research Council 2006) 
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Appendix E.  Comparison of demographic characteristics of participants with an 
incomplete vs. complete 24-hr urine sample in the SONIC Study 
Demographic 
characteristic 
24-hr urine sample 
included in analysis 
 n = 238 
24-hr urine sample 
excluded from analysis 
n = 22 
P-Value* 
 n (%) or mean (SD) n (%) or mean (SD)  
Gender    
   Male 120 (50%) 12 (55%) 0.71 
   Female 118 (50%) 10 (45%)  
Age (years) 9.8 (1.7) 9.6 (1.8) 0.44 
Age group    
   5-8 years 83 (35%) 10 (45%) 0.33 
   9-13 years 155 (65%) 12 (55%)  
 
* There was no difference in age or gender between those children who were 
included or excluded from the analysis on the basis of a complete 24-hr urine sample 
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Appendix F.  An overview of sodium reduction targets developed for Australian food products with comparison to sodium levels in the 
Australian food supply and the 2012 United Kingdom Food Standards Agency sodium reduction targets  
Release 
date 
Food category Sodium reduction target Timeframe 
for action 
Range 
(mg/100g) 
FSA 2010 
target 
(mg/100g) 
FSA 2012 
target 
(mg/100g) 
AWASH 
interim 
target 
(mg/100g) 
2010 Bread 400 mg/100 g 2012 195-804 1 430 (avg) 400 (avg) 400 (max) 
(FHD) 
2010 Breakfast cereals 15% reduction in those 
exceeding 400 mg/100 g 
2014 4-1063 300 (avg) 400 (max)   
270 (avg) 
400 (max) 
(FHD) 
2011 Simmer sauces        
 Pasta & Indian 
style 
15% reduction in those 
exceeding 420 mg/100g 
2014 140-2020 2 430 (avg) 3 330 (avg) 3 450 2 (max) 
(AWASH) 
 Asian Style 15% reduction in those 
exceeding 680 mg/100 g 
2014 144-3900 4 430 (avg) 3 330 (avg) 3 490 4 (max) 
(AWASH) 
2011 Processed meats       
 Bacon & 
ham/cured meat 
products 
1090 mg/100 g  2013 920-1950 1400 (avg) 5 1150 (avg) 5 1210 (max) 
(AWASH) 
 Emulsified 
luncheon meats 
830 mg/100 g 2013 120-1720 n/a 600 (max) 1030 (max) 
(AWASH) 
 
2011 
 
Soup 
      
 Dry soup 290 mg /100 g (as prepared) 2014 13-640 250 (avg) 230 (avg)    
290 (max) 
290 (max) 
(FSA) 
 Wet & condensed 
soups 
Average target (weighted by 
sales volume) 290 mg/100 g, 
with a maximum target of 
2014 13-640 250 (avg) 230 (avg)    
290 (max) 
290 (max) 
(FSA) 
 200 
300 mg/ 100 g 
2012 Savoury Pies       
 Wet Pies 10% reduction in those 
exceeding 400 mg/100 g 
2014 230-2182 600 (max) 450 (max) 450 (max) 
(FSA) 
 Dry Pies 10% reduction in those 
exceeding 500 mg/100 g 
2014 230-2182    
Future To be developed: processed poultry, cheese, potato/corn and 
extruded snacks, savoury crackers, noodles, condiments 
     
1 AWASH: includes white, whole-meal, mixed grain 
2 AWASH: pasta sauce only 
3 FSA: includes all meal based cooking sauces (asian/pasta/Indian) 
4 AWASH: includes meal-based sauces Asian/Indian style (ambient) 
5 FSA: includes bacon only (ham is a separate category)  
(Australian Division of World Action on Salt and Health 2011, Food and Health Dialogue 2012, Food Standards Agency 2009, Webster et al. 
2010) 
[Type text] 
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Appendix G.  Additional tabulated multiple regression analysis results from Study four.  
Table 1.  Multiple linear regression analyses of dietary salt intake (g/d) and fluid consumption (g/d) in Australian children aged 2-16 years, by 
gender and age group (n = 4 283)1, 2 
Model β (95% CI) R2 β (95% CI) R2 N β (95% CI) R2 
 Unadjusted Adjusted for age, gender, SES, 
BMI 
Adjusted for age, gender, SES, BMI, 
MVPA3 
a) total sample (n = 4283) 92.1 (81.9, 102.2)** 0.15 45.5 (34.5, 57.6)** 0.26 2304 44.7 (28.6, 61.0)** 0.22 
b) stratified by gender Unadjusted Adjusted for age, SES, BMI Adjusted for age, SES, BMI, MVPA c 
Boys (n = 2170) 98.4 (87.5, 109.2)** 0.18 50.9 (36.0, 65.8)** 0.28 1142 51.8 (31.3, 72.2)** 0.22 
Girls (n = 2113) 66.3 (52.6, 79.9)** 0.07 29.8 (15.0, 44.6)** 0.19 1162 29.7 (11.2, 48.2)* 0.15 
c) Stratified by age group Unadjusted Adjusted for gender, SES, 
BMI 
Adjusted for gender, SES, BMI, 
MVPA c 
2-3 years (n = 1057) 64.0 (48.6, 79.5)** 0.07 61.3 (46.3, 76.3)** 0.08  No PA data4  
4-8 years (n = 1208) 50.2 (31.6, 68.9)** 0.05 39.6 (22.7, 57.8)** 0.09 728 41.3 (19.5, 63.1) 0.11 
9-13 years (n = 1058) 74.0 (57.0, 91.0)** 0.08 60.9 (42.2, 79.6)** 0.13 820 67.8 (41.5, 94.0)** 0.13 
14-16 years (n = 960) 53.8 (33.5, 74.4)** 0.05 34.4 (10.3, 55.8)** 0.10 756 31.5 (4.6, 58.5)* 0.13 
Abbreviations: CI, confidence interval; SES, socioeconomic status; BMI, body mass index; MVPA, moderate to vigorous physical activity 
[Type text] 
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** P <0.001 
* P <0.01 
1 In all models: dependent variable = fluid consumption (g/d) and independent variable = salt intake (g/d) 
2 All models are statistically significant P <0.001 
3 Completed within sub-sample of participants with physical activity data available 
4 Analysis not completed in 2-3 year olds as physical activity was not measured in this age group 
Appendices 
 
203 
Table 2.  The association between dietary salt intake (g/d) and SSB consumption 
(g/d) within consumers of SSBs (n = 2 571)1,2  
Model β (95% CI) R2 
Unadjusted 29.7 (25.0, 34.5)** 0.11 
Adjusted for age, gender, SES, energy 
derived from sources other than SSB 
17.4  (9.8, 25.0)** 0.19 
Adjusted for age, gender, SES, energy 
derived from sources other than SSB, 
MVPA 3 
21.2 (10.8, 31.5)** 0.14 
Abbreviations: CI, confidence interval; SSB, Sugar-sweetened beverage; SES, 
socioeconomic status; BMI, body mass index; MVPA, moderate to vigorous 
physical activity 
** P-value <0.001 
1 In all models: dependent variable = SSB consumption (g/d) and independent 
variable = salt intake (g/d) 
2 All models are statistically significant P <0.001 
3 Completed within sub-sample of participants with physical activity data available 
(n = 1511) 
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Appendix H. Sensitivity analysis: 2007 ANCNPAS Study four, Chapter seven 
Table 1. Association between SSB consumption and weight status (healthy weight vs. overweight/obese) in Australian children and adolescents 
aged 2-16 years without the exclusion of under-reporters (n = 4275)1, 2, 3 
SSB 
serving 
(250g) 
n (weighted %) Unadjusted Adjusted for age, gender, SES, 
energy derived from sources 
other than SSB 
Adjusted for age, gender, SES, 
energy derived from sources other 
than SSB, MVPA4 
  OR 95% CI P-value OR 95% CI P-value OR 95% CI P-value 
no servings 1 717 (38.6)          
≤ 1 serving 1 654 (38.8) 1.00 (0.82, 1.21) 0.99 0.94 (0.79, 1.13) 0.53 0.87 (0.66, 1.13) 0.29 
>1 serving 904 (22.6) 1.28 (1.09, 1.51) 0.004 1.14 (0.96, 1.36) 0.14 1.09 (0.81, 1.47) 0.55 
MVPA, moderate to vigorous physical activity 
1 In all models dependent variable is ‘healthy weight’ vs. ‘overweight/obese’ and independent variable is number of daily servings (250 g) of 
SSB 
2 Underweight participants’ (n = 211) have been excluded from this analysis 
3 All models statistically significant P <0.001 
4 Includes only those participants aged 5-16 years where physical activity data was available (n = 2314)
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Table 2. The association between weight status (healthy weight vs. 
overweight/obese and under-reporting status in Australian children and adolescents 
aged 2-16 years (n = 4275) 1, 2 
Weight Status Total 
n (weighted %) 
Under-reporters 
n (weighted %) 
Valid reporting 
intake 
n (weighted %) 
Healthy weight 3 267 (76.1%) 74 (2.2%) 3193 (97.9%) 
Overweight/obese 1 008 (23.9%) 129 (13.1%) 879 (86.9%) 
1 Underweight participants’ (n = 211) have been excluded from this analysis 
2 chi-squared test 44.8, P <0.001 
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Appendix I. Tabulated multiple regression analysis results from Study five 1 
Table 1. Multiple linear regression analysis of dietary sodium intake (390 mg/d) and fluid consumption (g/d) in US children and adolescents 
aged 2-18 years, by age group and gender: NHANES 2005-2008 (n = 6 400)1, 2 
Model Total           
(n=6 400) 
Age group (years) 
2-5 6-11 12-18 
Male (n=856) Female (n=773) Male (n=1000) Female (n=1050) Male (n=1374) Female (n=1347) 
β (95% CI), P 
value 
β (95% CI), P 
value 
β (95% CI), P 
value 
β (95% CI), P 
value 
β (95% CI), P 
value 
β (95% CI), P 
value 
β (95% CI), P 
value 
1 a) 101 (78, 123), 
<0.001 
43 (26, 61), 
<0.001 
68 (52, 84), 
<0.001 
52 (39, 64) 40 (31, 49), 
<0.001 
110 (73, 146), 
<0.001 
49 (14, 85), 0.008 
 R2=0.17, <0.001 R2=0.05, <0.001 R2=0.11, <0.001 R2=0.07, <0.001 R2=0.05, <0.001 R2=0.17, <0.001 R2=0.05, 0.008 
1 b) 74 (57, 92), 
<0.001 
44 (26, 63), 
<0.001 
65 (49, 82), 
<0.001 
46 (33, 60), 
<0.001 
40 (32, 48), 
<0.001 
108 (75, 141), 
<0.001 
55 (17, 93), 0.006 
 R2=0.28, <0.001 R2=0.05, 0.001 R2=0.13, <0.001 R2=0.12, <0.001 R2=0.11, <0.001 R2=0.23, <0.001 R2=0.13, <0.001 
1 c) n =5677 n =808 n =729 n =932 n=986 n =1198 n =1024 
 66 (48, 84), 
<0.001 
44 (25, 62), 
<0.001 
67 (51, 83), 
<0.001 
45 (31, 60), 
<0.001 
39 (31, 47), 
<0.001 
95 (61, 130), 
<0.001 
57 (10, 104), 0.02 
 R2=0.29, <0.001 R2=0.05, <0.001 R2=0.15, <0.001 R2=0.12, <0.001 R2=0.11, <0.001 R2=0.39, <0.001 R2=0.14, 0.004 
Abbreviations: CI, confidence interval; SES, socioeconomic status; BMI, body mass index 
1 In all models: dependent variable = fluid consumption (g/d) and independent variable = sodium intake in units of 390 mg/d 
Model 1 a) Unadjusted 
Model 1 b) In total sample adjusted for age, gender, race-ethnic group, SES, BMI z-score and season 
In stratified models adjusted for race-ethnic group, SES, BMI z-score and season 
Model 1 c) Adjusted for model 1 b) + number of times engaged in vigorous activity per week, analysis completed in sub-sample of participants 
with physical activity data available (n = 5 677) 
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2 Note: The results for the β (95% CI) and P value contained within Table 1 and Table 2 below are the same as those presented in Chapter Eight, 
Figures 8.1 a, b, c and Figure 8.2 a, b.  These tables provide additional information for the coefficient of determination (R2) for each model as 
this information could not be presented within the figures contained within the study chapter.   
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Table 2. Multiple linear regression analysis of dietary sodium intake (390 mg/d) and SSB consumption (g/d) within consumers of SSBs by age 
group and gender: NHANES 2005-2008 (n = 4 443)1 
Model Total (n=4443) Age group (years) 
2-5 6-11 12-18 
Male (n =508) Female (n =435) Male (n=718) Female (n=733) Male (n=1077) Female (n=972) 
β (95% CI), P 
value 
β (95% CI), P 
value 
β (95% CI), P 
value 
β (95% CI), P 
value 
β (95% CI), P 
value 
β (95% CI), P 
value 
2 a) 45 (27, 63), 
<0.001 
6 (-2, 15), 0.12 27 (8, 47), 0.008 27 (12, 41), 
0.001 
30 (18, 43), 
<0.001 
45 (15, 75), 
0.005 
14 (2, 27), 0.03 
 R2=0.12, <0.001 R2=0.004, 0.12 R2=0.04, 0.008 R2=0.04, <0.001 R2=0.07, <0.001 R2=0.10, 0.005 R2=0.02, 0.03 
2 b) 32 (13, 50), 0.002 25 (11, 38), 
0.001 
34 (9, 59), 0.01 40 (18, 62), 
0.001 
46 (32, 60), 
<0.001 
38 (6, 70), 0.02 -0.4 (-20, 19), 
0.97 
 R2=0.21, <0.001 R2=0.03, 0.03 R2=0.07, 0.03 R2=0.07, 0.04 R2=0.11, <0.001 R2=0.11, 0.04 R2=0.04, 0.07 
Abbreviations: CI, confidence interval; SSB, sugar-sweetened beverage; SES, socioeconomic status 
1 In all models: dependent variable = SSB consumption (g/d) and independent variable = sodium intake in units of 390 mg/d 
Model 2 a) Unadjusted 
Model 2 b) In total sample adjusted for gender, age, race-ethnic group, SES and energy derived from sources other than SSB (kcal/d) 
 In stratified models adjusted for race-ethnic group, SES and energy derived from sources other than SSB (kcal/d) 
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Appendix J. Sensitivity analysis - multiple regression analysis using 2-days of 24-hr dietary recall data in NHANES 2005-2008 
Table 1.  Multiple linear regression analysis of SSB consumption (g/d) and dietary sodium intake (390 mg/d) using 2-days of 24-hr dietary 
recall: NHANES 2005-2008 (n=4569)1 
Model β (95% CI) P Value R2, P value 
a) unadjusted 49 (25, 74) <0.001 R2=0.12, <0.001 
b) adjusted for age, gender, race-ethnic group, SES and 
energy derived from sources other than SSB (kcal/d) 
35 (10, 60) <0.01 R2=0.21, <0.001 
Comparable results from Appendix I, Table 2 using only 1 day of 24-hr dietary recall (n=4443) 
a) unadjusted 45 (27, 63) <0.001 R2=0.12, <0.001 
b) adjusted for age, gender, race-ethnic group, SES and 
energy derived from sources other than SSB (kcal/d) 
32 (13, 50) <0.001 R2=0.21, <0.001 
1 In all models: dependent variable = SSB consumption (g/d) and independent variable = sodium intake in units of 390 mg/d 
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Table 2.  Multiple linear regression analysis of fluid consumption (g/d) and dietary sodium intake (390 mg/d) in US children and adolescents 
aged 2-18 years, using 2-days of 24-hr dietary recall: NHANES 2005-2006 (n=5580)1  
Model β (95% CI) P Value R2, P value 
a) unadjusted 102 (80, 124) <0.001 R2=0.20, <0.001 
b) adjusted for age, gender, race-ethnic group, SES, BMI 
z-score, season 
75 (52, 98) <0.001 R2=0.30, <0.001 
N=49812     
c) adjusted for model b + no of times engaged in vigorous 
activity per week 
80 (66, 94) <0.001 R2=0.29, <0.001 
Comparable results from Appendix I, Table 1 using only 1 day of 24-hr dietary recall (n=6400) 
a) unadjusted 101 (78, 123) <0.001 R2=0.17, <0.001 
b) adjusted for age, gender, race-ethnic group, SES, BMI 
z-score, season 
74 (57, 92) <0.001 R2=0.28, <0.001 
N=56772 66 (25, 62) <0.001 R2=0.29, <0.001 
c) adjusted for model b + no of times engaged in vigorous 
activity per week 
    
1 In all models: dependent variable = fluid consumption (g/d) and independent variable = sodium intake in units of 390 mg/d 
2 Analysis completed in sub-sample of participants with physical activity data available 
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Appendix K. Costing of one 24-hr urine sample collection in the SONIC Study 1 
Item Cost (excluding GST) 
Equipment  
   2.5 L wide-rimmed mouthed polypropylene bottles $5.73 
   500 mL plastic handled jug $3.15 
   Carry bag $0.47 
Analysis cost  
   24-hr urine sodium  $9.75 
   24-hr urine potassium $2.00 
   24-hr urine creatinine  $2.00 
   Specimen handling/aliquot for testing and storage $15.00 
   Total 24-hr analysis cost $28.75 
Total cost for 24-hr urine collection $38.10 
 
1 Additional costs are required for staff to coordinate the collection of 24-hr urine 
sample.  It is expected these costs could be quite variable, dependent on the study 
protocol relating to the logistics of the collections.  
 
